
WATER POWER TECHNOLOGIES OFFICE’S 2022 PROJECT PEER REVIEW

     

 

 

Hydropower Program Evaluation 
WBS: 1 

Presenter(s): Tim Welch 

Aggregated Reviewer Comments 
• The overall impression of the Hydropower Program is that it has evolved and performed very well since the last 

peer review. It has focused on developing mechanisms and funding research that aim to enhance hydropower 
performance to enable a flexible, reliable, and resilient grid. The program is very well managed and organized. 
The team demonstrates that it has defined the strategy and work in accordance with the MYPP strategy 
to meet its vision, mission, and intended outcomes. This is further supported by how the R&D projects all 
align with the program’s priority areas and demonstrate adherence to the program’s rationale. This is only 
achievable through effective communication that enables them to form the building blocks for the program. 
The FAST Commissioning Prize under HydroWIRES is a brilliant example of how they leverage appropriate 
funding mechanisms to achieve outcomes. It was very interesting to learn more about how they developed their 
approach. The reviewer also finds that the program has extensive communication with excellent understanding 
of the needs of the industry and other stakeholders. The program has successfully developed a strategy and 
funds research that enables them to face challenges that will benefit the industry, all the way through the 
value chain to end users. The reviewer believes it will have a great impact on the sector, and it is on the path 
to address critical challenges. It could be of interest to also measure the program’s impact by identifying a 
suitable set of metrics. The program is very well organized, which is evident through how they balance their 
role as a public entity and successfully manage the program with excellent accomplishments and results. The 
program demonstrates good stewardship of taxpayer funds by transparently communicating program priorities 
and resulting investments. The program effectively disseminates results and accomplishments, and it may be 
beneficial to create a library gathering everything for interested parties. 

• Slides 24–25 and Tim’s discussion (as the reviewer remembers) were helpful to see the strategy of the 
program and how the five activity areas fit together. The reviewer indicated this part of the presentation would 
have had more meaning and scaffolding to hang onto if it had been given after the activity area and project 
reviews. The reviewer might even consider reversing the entire order, meaning start with projects, then activity 
area, and then program (after the peer review overview for reviewers, of course). Slides 13–16 showed funding 
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information, but the reviewer did not see enough information to determine whether the program leverages 
the appropriate funding mechanisms and whether it funds the most relevant studies (not that the reviewer is 
yearning for a lengthy discussion of funding mechanisms). The studies that were funded do seem relevant, but 
the reviewer would have to see all the studies that were not funded to say they were the most relevant. (The 
reviewer apologized if they are getting hung up on unintended details with the wording.) The program seems to 
balance priorities well and is quite transparent. The reviewer believes the communication plans to stakeholders 
are in place but were not provided this year to reviewers, which left some gaps in their understanding of how 
progress and results were disseminated. 

• The Hydropower Program has a sound foundation, strategy, and approach for implementation. The reviewer 
appreciates the insights provided by all parties during the peer review. The program team did a fantastic job 
ensuring reviewers understood the details about the program and its foundation. They outlined and provided 
the supporting documentation reviewers needed to consider during the review. Furthermore, the reviewer feels 
like they had enough information and details about the program, activity area, and each project to provide a 
good, independent review of each. 

• This ongoing program is certainly well organized and focused on achieving its goals. The value of this work 
to the water power industry is huge, and the reviewer applauds the leadership and staff for their efforts. To 
ensure that new ideas are evaluated and captured effectively, the reviewer recommends establishing a point of 
contact for the new technologies arena specifically to guide anyone inquiring as to which program and funding 
opportunity would be the best fit for their idea. The mass of programs and projects must be very difficult to 
track and organize. It is certainly daunting to an outsider to understand all the facets of your work. The reviewer 
recommends doing a gap analysis and creating a chart that shows how these past, current, and planned 
projects fit into the MYPP. There is still an emphasis on “technology” testing and deployment, which speaks 
of R&D and the labs. The reviewer recommends changing the wording to “innovation and technology,” which 
recognizes that ideas come from many sources and may not count as true “technology.” The reviewer cautions 
being careful not to assume that small hydro equals low impact, just as it is wrong to assume that medium 
or large hydro is not low impact. There is a need for evaluation tools and models for hybrid power systems. 
Encouraging developer interest in other value propositions sounds good; however, one must recognize that for 
the past 14 years, wholesale electricity prices have been very low, which pinches profitability, investments, and 
any desire to be altruistic. Gaining interest in going beyond operating the facility is going to have to show how 
the developer can truly benefit from it. This is a huge challenge. While competitions may be a cool idea, the 
implication is that there are winners and losers, which may mean some good proposals may not be funded. The 
reviewer still sees that pre-funding reviews have not shielded WPTO from funding less-than-useful projects and 
that external projects get a lesser priority than those proposed by the labs. 

• The reviewer is very impressed with WPTO and its ability to draw out from the industry what is important, 
where are the gaps, what are the needs, where are the barriers, etc., which they have been successfully doing 
for years. They gather this information through direct interface with associations, participation at industry 
conferences, webinars, and one-on-one meetings with individual companies. They then take this information 
and determine how to fill these needs through requests for information, lab calls, funding opportunity 
announcements (FOAs), etc. Thus, bottom line, they listen to the industry, then develop funding opportunities 
for research, fund the research, and then fill the gaps for the industry. It is a powerful partnership between 
academia, government, and industry. The reviewer considers it a DOE best practice! The reviewer considers all 
the research funded by WPTO as relevant and meaningful. 

• Overall, the reviewer believes that the program is moving effectively in a number of different areas that will 
support the future development of hydropower in the United States. The reviewer is impressed with the 
diversity of studies and research that have been done and are ongoing. There are several areas the reviewer 
noted in their specific responses that need different direction or additional work. The reviewer provided specific 
comments in the various responses to identify these areas. 
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• The Hydropower Program is well defined and presented and aligns well with the MYPP. It is logical and includes 
easy-to-understand descriptions and vision, including performance goals and intended outcomes. Please 
consider if the area of regulatory processes is getting enough attention. It seems to be an area that causes 
significant efforts, both in terms of schedule time and cost, for any new development and for relicensing. The 
regulatory processes are usually much more demanding than any technical issues in project development. 
The reviewer feels that this is a very significant issue when it comes to project costs and should be addressed 
accordingly. The performance goals (under Data Access, Analytics, and Workforce Development) only include 
publishing a report on the key issues on time, cost, and uncertainty associated with U.S. hydropower regulatory 
processes. The reviewer is not sure this is sufficient to address such a big issue, even if this might be more of a 
political issue than a subject of research.  

• The WPTO strategy has stayed consistent for the past several years, which has allowed themes to be developed 
and projects proposed and most executed effectively. Obviously, the delays over the past two years have 
caused some projects to stretch beyond what might be considered reasonable (e.g., SMH). Additionally, 
there seems to be a consistent pattern of certain national labs and independent firms (such as Kearns and 
West) getting significant funding year in, year out. The reviewer inquired if this is a bread-and-butter source 
of additional funding for them. The presence of other smaller firms always showing up and securing funded 
work shows great initiative on their part but without real market-ready solutions resulting. One area that needs 
unrelenting improvement is the FERC licensing process—not just at the federal level but at the very inconsistent 
state level. In the 10 years the reviewer has been developing their small hydro business and projects, there has 
been little effective headway. Without this, the reality of affordable small-scale hydro, not just on unpowered 
dams but also stream reach, will not be achieved. Equally—and this is something the reviewer commented 
on some four (?) years ago when last engaged in a peer review—there seems to be an absence of any way of 
measuring the investment rates of return for the various projects, which, if they are to be built, will need to be 
financed by banks and investors. Inconsistent metrics also seem to appear too often. LCOE or monetary cost 
per kilowatt (kW) are a couple examples where the approved cost method (LCOE) or all-in cost per kW seem 
to be more about marketing than reality. Construction is the major cost driver for many hydro projects, yet 
few, if any, construction firms seem to be attracted to participate in the FOAs, so there tend to be theoretical 
rather than real-life examples of methods that can be implemented and really address where the real costs 
lie. Dam safety is now a real cost challenge for small hydro. The FERC Dam Safety Part 12D rules now weigh 
very heavily on the industry. A five-year review now costs approximately $100,000. Work needs to be done with 
FERC Dam Safety to develop processes that are effective, appropriate, and affordable. This should be a focus 
area for WPTO. The best results seem to come from projects where there is a real industrial partner alongside 
the national lab and inventor, such as on the design and development of composite turbine runners or the cold 
spray cavitation mitigation projects. Finally, the Loan Programs Office is desperate to fund hydro projects, but 
small-scale hydro (e.g., multiple sites in different locations, maybe using a couple of technologies, selling power 
into different markets) does not lend itself to meeting the office’s criteria. The reviewer has been working at 
this for seven years and is inclined to give up. However, this is an important source of funding, and a bridge has 
to be built between small hydro and the Loan Programs Office. The reviewer inquired whether this is a potential 
area for WPTO study. 

• The program is very well laid out regarding strategy and implementation. There is also good overall alignment 
between the MYPP, the Hydropower Program, activity areas, and projects.  

• The strategy and plan outlined in the MYPP are clear, comprehensive, logical, and well thought out. The 
programs and projects reviewed are in line with the plan and outlined goals. Often the words “hydropower 
community” were spoken in terms of audience and stakeholders. Even through discussions and Q&A, it is 
unclear that the hydropower industry embraces that environmental nongovernmental organizations and state 
agencies are critical components of that community. The reviewer believes WPTO embraces this expanded 
and appropriate view. However, the reviewer thinks WPTO needs to do more to ensure the broader stakeholder 
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community participates and is effectively communicated with, and WPTO needs to work to get the hydropower 
industry to understand the need to be as inclusive as possible. There was a recurring theme of the need to 
strengthen communication overall—for the program as well as the individual projects and programs. Part of this 
may be that the presentations did not consistently or effectively present information on communication. 

• As articulated in the MYPP, the Hydropower Program has a well-articulated mission and vision. Its activities 
are based on a set of challenges drawn from the large stakeholder community that participates in the 
Hydropower Vision report and from many other interactions with industry, national labs, nongovernmental 
organizations, and others. The challenges are nicely translated into a program logic model that describes the 
five major challenges to be addressed and the related program areas, approaches, and activities to address 
the challenges, expected intermediate and long-term outcomes, and the expected impacts. The MYPP has 
been built to address the needs of stakeholders and industry, is rational, and leverages appropriate funding 
mechanisms (e.g., financial assistance, prizes and competitions, national lab-led R&D, and a few others). 
Regarding implementation and progress, the Hydropower Program is funding a wide range of projects that 
include relevant technologies, tools, and studies. These projects are spread across the challenge areas 
identified in the hydropower logic model including new low-impact hydropower development; grid reliability 
and integration of high levels of renewable energy; fleet modernization and maintenance; environmental 
and hydrological systems; and data access, analytics, and workforce development. Through its publications, 
website, press releases, and the peer review, the program is transparent in communicating its priorities, 
activities, and results. The program is making a good effort to disseminate its project results, though the 
effectiveness, especially at the project level, is still evolving. Based upon the information presented for review, 
including the presentations and Q&A during the peer review itself, it is clear that the Hydropower Program is 
well conceived with good leadership and excellent and effective staff. It is making effective use of its budget 
and producing good results. 

• WPTO addresses R&D activities that are appropriate and timely for both the industry and stakeholders. 
Funding for projects seems to be allocated in a way to ensure equitable investments to support the vision, 
mission, and goals of the program. Notable strengths include a focus on current needs for environmental 
sustainability including improved data collection techniques and technology. Notable weaknesses include an 
inefficient communication strategy to promote prizes/competitions and dissemination of information. Including 
a well-defined communication and outreach approach into funding opportunities could alleviate some of the 
disconnect between researchers and practitioners in the field.  

• Regarding long-term challenges facing the industry, the presenter mentioned that even since 2016 (when the 
Hydropower Vision report was published), there have been a lot of changes in the energy industry that can 
affect hydropower. The reviewer agrees. In just five years, things have changed a lot, and it seems the program 
needs to be flexible so it can adapt quickly to a rapidly changing energy industry. In particular, it seems the 
expanding focus on climate change and how to address or adapt to it needs to come more to the forefront in 
the Hydropower Program. In particular, it would be useful to have parts of the program start to examine very 
specific trade-offs between environmental impacts and benefits of hydropower relative to reducing carbon 
emissions. There is a lot going on at WPTO with a lot of individual projects and initiatives. As a first-time peer 
reviewer, it was hard to see what the overall strategy is (even after reviewing the MYPP) and how all these 
programs combined or individually fit into the overall program strategy. That said, after re-reviewing the MYPP 
and hearing all the presentations, the reviewer thinks they got a better handle on things, and their sense was 
that most of the programs are a good fit and support WPTO’s long-term strategy(ies). In the future, for the 
benefit of first-time peer reviewers, it might be good to have an initial overview session that demonstrates how 
the various programs fit into the overall strategy. The reviewer knows this would not be easy, but it would be 
helpful, and it could be revisited at the end of the peer review week. After learning and hearing more about 
the individual programs, reviewers could better assess each program’s fit within the overall program strategy. 
A recurring thought the reviewer had (and that others raised) for many of the programs was the need to better 
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emphasize how the program will be communicated to the public, and how to make end users aware of the 
program, results, and deliverables. At the end of the day, the success of each program will be best judged by 
end users and by demonstrating who, how, and where each program’s end product (e.g., tool or database) 
or results (e.g., research results) are being used by the public. WPTO should really emphasize getting the 
word out about all these programs beyond the immediate hydropower community or NHA. All these programs 
are fantastic, but WPTO needs to make more people aware of them and get them into the hands of users. In 
particular, the reviewer thinks emphasis should be placed on making sure the word gets out to educational 
institutions, which are full of students and researchers who might put these products to good use immediately. 
There seems be some confusion and disagreement over the strategy in terms of who is the intended 
beneficiary of these hydropower programs. This is hard to articulate, but it seems like some of the programs 
are intended to aid opponents of hydropower rather than to help proponents of hydropower. In this reviewer’s 
track, there were a couple of programs on which reviewers disagreed about the benefit of the program to the 
hydropower community, and the reviewer provides those comments later. The reviewer would also note that 
the many references made throughout the week to “The Uncommon Dialogue” makes it appear as though 
that “agreement” suggests a common understanding of the value and benefits of hydropower. It is clear not 
everyone sees it that way, and the reviewer would caution WPTO to make sure not too much weight is put on 
that document, which is really a political tool, not necessarily a document that represents the interests of the 
hydropower community. The reviewer expressed thanks for being invited to participate as a peer reviewer. On 
the whole, the Hydropower Program and the projects reviewed were very impressive and so were WPTO staff 
and PIs. WPTO is doing some great work. 
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Innovations for Low-Impact Hydropower Growth 
Activity Area Evaluation 

WBS: 1.1 

Presenter(s): Katie Jackson 

Aggregated Reviewer Comments 
• This program is huge in scope and involves many facets of NPD hydroelectric development. The staff have 

delved deeply into many of those facets using existing tools and databases. They are to be congratulated 
for their efforts to further hydro fleet development. However, much of the relevance of the work in medium 
and larger projects is moot as most viable sites have been evaluated. There are certain key facets that need 
recognition going forward. The financial objectives of the owner/developer/investor will govern the type and 
acceptable return on investment. To that end, the cost per megawatt (MW) capital cost and cost per megawatt-
hour operating costs are of prime importance. The reviewer recommends considering the characterization of 
types of projects by these factors and the primary stakeholders being served by a project’s results. Having said 
that, costs of wholesale electricity are increasing, which will translate into more medium-sized (1 MW to 5 MW) 
NPD projects becoming viable, assuming these increases are permanent. Key to that development is the at-risk 
investment of permitting, licensing, and design costs. The presumption that modularity and standardization are 
cost effective is challengeable and may only apply in limited applications. The program does not adequately 
address the significant impact of transmission interconnection regulatory challenges on project viability, cost, 
and timetable. The reviewer inquired what advanced tools and technologies can be brought to bear to assist 
the regional transmission organizations in evaluating applications quickly and efficiently. 

• Overall, the type and focus of the various projects included in this presentation were a valuable contribution 
to the potential development of hydropower. The new product lines, including the use of composites for hydro 
runners and the cold spray application, were very impressive and promise to be useful procedures going 
forward. The tools developed to identify and characterize NPD opportunities were also impressive and hopefully 
will spur new developers and development activities moving forward. The reviewer shares several of their 
colleagues’ opinions that the potential for new stream development is very limited, and tools and designs 
related to SMH for new stream development will not find a very large audience. In the reviewer’s view, the 
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largest potential for new in-stream development may be higher-head projects located in areas with significant 
topography that involve a small diversion dam, a long flowline, a penstock, and a powerhouse with the Pelton 
turbine. There were several of these types of facilities proposed and licensed in the 1980s, and there may be 
other potential sites in the Western United States. The potential (including locations) for these types of sites 
could be the subject of a small, focused study. In regard to development at NPD sites, one area of potential 
new research is in the use of siphons. The reviewer recognizes that siphons have been used at several sites 
successfully. One major cost in the development of any NPD is that of cofferdams and the connection required 
between the upstream pool and downstream powerhouse. The use of siphons for this type of project could 
make many projects more feasible. The reviewer is unsure what the issues are regarding the use of siphons, 
but any type of additional technical research and design criteria could be very helpful in the implementation of 
new development at existing lower-head dams. This is particularly true for the many USACE navigation dams 
that have an upstream pool located close to the elevation of the dam crest. The study and the background 
information for interconnection is very valuable. The process, cost, and time required for interconnection is very 
problematic, particularly for smaller hydro projects. The reviewer views the current study as a starting point to 
provide information for various parties to promote better procedures. This likely would require action by FERC. 

• The presenter really carries a broad burden—well done. Some of the elements of the program are excellent, 
including research and accomplishments for new manufacturing techniques where the right size and type of 
company is attracted, and the results show. The NPD explorer tools and conduit assessment are also excellent, 
but with the techniques defined, they need to reach across the country as most NPDs for small hydro are in 
the East and Midwest, and it is similar for canal systems. The solutions coming out of the standard modular 
approach appear to lack sufficient focus on the regulatory aspects (federal and state), and none of them even 
seem to assess whether the end product will, in fact, realize internal rates of return that will attract investors. 
Investors do not care about LCOE or cost per kW. They want to know total project returns, the price per kilowatt-
hour, and how many kilowatt-hours will be generated (which, of course, includes all the elements that go into 
the LCOE and cost per kW metrics). In driving for internal rates of return, the projects would have to determine 
the price of power they would have to obtain. This is critical as these projects cannot survive on merchant 
pricing. Because 60% of a project’s cost sits in construction, the focus on trying to find low construction cost 
solutions is important, yet it is hard to see any hydro construction companies getting involved. The only one the 
reviewer knows of is French, and the precast solutions they are coming up with seem to have potential, but it 
is unclear what FERC Dam Safety will have to say about them and the ability to meet their criteria. More firms 
need to be attracted into these FOAs; the same old names keep appearing. Maybe fewer bigger awards are 
needed to really attract folks who otherwise must focus on billable work as opposed to R&D. Finally, real, live 
testing of the solutions is needed and creating a run-of-river (RoR) test center could be tough, but a conduit 
test center could be less so. The investment dollars will be great. The reviewer recommends looking at Voith’s 
Handelsheim, a German R&D center where they have a river running through the test center. Finally, the 
reviewer inquired whether enough time is spent looking outside the boundaries of the United States to find best 
practices/technologies. If there are solutions out there, the reviewer wondered how to bring them back to the 
United States under license, etc., so that good U.S. content can be manufactured and provided. 
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Project Evaluations 
Alternative Opportunities for Hydropower 
Idaho National Laboratory (INL), PNNL 

WBS: 1.1.1.102 

Presenter(s): Rajiv Prasad; Thomas Mosier 

Project Start Date: 10/01/2019 

Planned Project End Date: 09/30/2021 

Project Description 
PNNL and INL are jointly investigating new value propositions for hydropower. Adoption of new technologies and 
strategies could leverage both energy and non-energy drivers in new business models that enable growth of 
additional hydropower capacity. Within the water-energy nexus, hydropower can be integrated in projects that 
sustain water supplies, improve environmental outcomes, and increase facility and community resilience using new, 
untapped value streams. 

Project benefits, associated beneficiaries, and value streams that deliver the benefits are identified through 
extensive stakeholder outreach. Potential new projects are assessed using data from known examples, and the 
lessons learned will result in public-facing guidance for such projects. Additional research is being identified 
to quantify values from non-traditional drivers, including social and environmental improvements. Successful 
completion of this work will result in increased stakeholder interest, deployment of new hydropower projects, and 
availability of local renewable energy. 

Aggregated Reviewer Comments 
• Electricity is the great enabler of so many environmental and societal benefits. Hydropower is inherently in a great 

position to power water-based benefits, although it is not alone in doing so. The issue is to define the drivers and 

the symbiosis of values so mutually beneficial outcomes can be achieved. Herein lies the key, and it is apparent 
hydro is not the lead player in this effort. It is led by the needs of the community or other stakeholders looking for 
a power solution that includes an untapped water resource. That way, the supply of power mandatory to achieve 
the outcome is not an end unto itself. This is not a hydro issue; it is an agricultural, water supply, or other need 
fulfillment program. 
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• The concept of evaluating potential revenue and benefit alternatives for hydropower development appears 
to be a very worthwhile undertaking, although the results appear to be somewhat uncertain at this time. The 
program identified five specific areas where hydropower could combine with other development alternatives 
to provide greater benefits. These five areas were reportedly referenced in a 2020 report to WPTO. The 
presentation did not provide a reference to this report, and the reviewer was unable to locate it on any of the 
laboratory websites. Therefore, the reviewer was not able to evaluate the specific potential of any of the five 
alternatives. To date, it appears the team has not identified any specific beneficiaries who would benefit from 
this work other than the general area of agricultural organizations. It would be useful to have future work 
identify specific organizations, groups, or development groups that could benefit from the identification of the 
combined hydropower opportunities. 

• Generally, the reviewer agrees with the approach, and the array of benefits are what any developer of new 
hydro on unpowered dams must consider. The reviewer thinks the team dismissed a very important benefit: 
the historical/preservation aspect. The perspective of the project was more Western based, than nationally, or 
more particularly in the old industrial base of the United States where most of the best, small unpowered dams 
exist. In the East, water drove industry, water power was replaced, and yet the dams and mills remained. These 
are considered burdens, fish impediments, or important assets, depending on the interest groups consulted. 
The reviewer recommends considering the whole project boundary, including interconnection. If the site is good 
(flow, watershed, etc.) and the dam is stable and will remain, the state historic organization, a preservation 
group, or the National Park Service may have an important say in the process and, if not fully engaged, may 
cause a project to become stranded. FERC will rarely override these groups in they are against a project. 
However, stakeholder engagement and a 360 view of what hydro can bring is well highlighted in this project. 
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Groundbreaking Hydro and I AM Hydro Prizes 
NREL, ORNL, WPTO 

WBS: 1.1.1.401 

Presenter(s): Katie Jackson; 
Scott DeNeale; Tessa Greco 

Project Start Date: 02/01/2020 

Planned Project End Date: 09/30/2021 

Project Description 
The Hydropower Geotechnical Foundations Prize (Groundbreaking Hydro Prize) encouraged innovative solutions 
to reduce cost, time, and risk associated with hydropower foundation development. These solutions were to be 
analyzed and further explored by the ORNL hydropower technical team if sufficient quality applications were 
received. The Groundbreaking Hydro Prize offered a total of $300,000 in cash prizes to elicit and advance 
innovative concepts for low-head (up to 30 feet of hydraulic head) hydropower geotechnical foundation 
technologies. 

The I AM Hydro Prize encouraged innovative solutions for employing advanced manufacturing materials, coatings, 
or processes to reduce the cost for hydropower development. Results from the prize were to be analyzed by ORNL 
and incorporated into an advanced manufacturing roadmap to inform WPTO activities and investments. The I AM 
Hydro Prize sought to identify new ideas with the potential to have a disruptive impact in the hydropower industry 
and offered up to $250,000 in cash prizes.  

Aggregated Reviewer Comments 
• In general, because there were two named prizes in this material and the presentation, it was difficult to 

understand the differences between the two prizes (Groundbreaking Hydro and I AM Hydro). The large number 
of eligible, not-on-topic submissions makes it difficult to determine how successful the prize approach was 
to achieving the program’s objectives. The not-on-topic ideas may have other value. It seems the majority of 
the end-user engagement and dissemination was post-prize development versus pre-prize development. The 
technical approach of the winners is unclear. The winners are listed, but the quality of their work is unclear. 
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• The prize program is a clever way to circumvent other requirements while encouraging new ideas, and so 
it is most commendable. However, the low participation is either due to low monetary awards to attract 
professionals, too tight a scope, or insufficient communication. It is a great approach, but the reviewer thinks 
the presenters should rethink their objectives and determine their audience. The reviewer recommends seeing 
what prize programs have been used by other federal agencies to benchmark this one. 

• The reviewer appreciated the use of workshops for feedback, presentations to industry groups, and the 
evidence of meaningful partnerships. Those are good practices. Direct technical assistance is valuable and 
beneficial in these settings, and the reviewer highly recommends including direct technical assistance in 
every prize package. It has the potential to influence the sustainability of the project. The R&D roadmap 
that identifies high-impact opportunities to leverage advanced manufacturing and materials in hydropower 
applications is a significant output. While there was a sincere effort to engage stakeholders, including using 
the advisory group throughout the project’s lifespan, this project presented issues with its implementation 
that need adjustment. The reviewer encourages continuing with the white papers and best practices 
documentation. The reviewer appreciated the team’s efforts in leveraging funding outside of normal constructs. 
The team noted they received fewer applicants and meritorious solutions than initially hoped during this 
prize session. The reviewer inquired whether this is a prize design issue or a communication issue. Attracting 
innovation from relevant communities requires an integrated and robust communications strategy. The 
reviewer would have appreciated a bit more information about the nature of the outreach and engagement 
in the presentation. End-user engagement is critical to the success of these projects, and in this case, it 
seems the communication effort did not yield the expected results. The reviewer encouraged exploring the 
factors that influenced low participation and determining if it was a prize design/award amount problem or a 
communication problem. 

• The format for the prize contest would not work for most private engineering consultants. The amount of prize 
money is likely not sufficient to interest most consultants to use unbillable time to develop new concepts. The 
reviewer suggests that a different concept be considered for a prize contest in the future. This would involve 
a two-phase approach whereby the initial phase would be the submittal of a one- or two-page document 
describing the potential concept. Based upon the submittal, several parties would be selected to move to 
phase two. Phase two would involve a more detailed development of the concept and require documentation of 
the concept that could be published after contest completion. The consultants’ work under phase two would be 
paid under a lump-sum payment. The reviewer believes this would be a more attractive arrangement for many 
private consultants, and it is important these concepts are published so the entire hydropower industry could 
become aware of new cost-saving procedures and concepts. 

• The drive for innovation and the concept of awards is admirable. However, the poor results indicate the solicitation 
was either too broadly defined or unclear such that much time was wasted by the applicants and the team in the 

process. These projects need to attract the top engineering firms, working with the national labs to really come 

up with market-driven innovation. They will not move off billable work to undertake these studies unless they can 

really see what is in it for them. The rewards did not reflect the worthy objectives of this FOA. 

• The teams did a good job analyzing the technology need and communicated this information to a broad range 
of stakeholders. The group should continue to investigate why the response was so low. More work is needed to 
refine the technology need. 
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Standard Modular Hydropower Technology Acceleration 
ORNL 

WBS: 1.1.1.501 

Presenter(s): Scott DeNeale 

Project Start Date: 10/01/2015 

Planned Project End Date: 09/30/2018 

Project Description 
Small hydropower development is a complex and uncertain undertaking, with techno-economic and environmental 
features largely driven by site-specific considerations. Given existing technologies, there are limited opportunities 
for new, affordable hydropower growth. To address these challenges, the SMH Technology Acceleration project 
defines standardization, modularity, and environmental compatibility as three enabling principles of a low-cost, 
environmentally sustainable hydropower growth strategy. 

The project promotes SMH technology acceleration as evidenced in its three core R&D tasks: Module R&D, SMH 
Facility R&D, and SMH for NPD Development. Together, the associated research activities aim to enable cost 
reductions and commercialization of new SMH technologies for both NPDs and new stream-reach development. 
Intended project outcomes directly integrate multiple social, ecosystem, and energy needs for new, small, low-
impact hydropower deployment. In addition to core R&D, this project provides funding for ORNL’s direct technical 
support to awardees under two FOAs: DE-FOA-0001836 (Facility Design Concepts for Standard Modular Hydropower 
Development) and DE-FOA-0002080 (Modular Technologies for Low-Head Hydropower Applications). Industry 
collaborators include Littoral Power Systems, Natel Energy, Percheron Power, and the University of Minnesota. 

Aggregated Reviewer Comments 
• The reviewer fails to see how these techniques will provide broad solutions for the industry. There are 

applications where repeatable generating units can be designed and deployed in groups where fewer larger 
units are not feasible, such as weirs and other broad, low-head dams. However, this project is so focused on 
the word “modular” that it has become myopic. 
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• The project has accomplished much in the identification of potential development opportunities at NPD 
facilities. The reviewer was able to briefly review some of the tools that have been developed, and they appear 
to be very useful for the identification of development opportunities. Prior to this peer review, the reviewer was 
not aware of the availability or usefulness of any of these tools. Since the reviewer is an active developer and 
an advocate of the development of hydropower potential at NPDs, they were surprised to not be aware of these 
study results and development tools. For this reason, the reviewer believes the outreach to the hydropower 
industry could be more effective and robust. 

• The most significant and relevant part of this $3.9 million effort was the development of the NPD classification 
tools and dataset. Here, there was real progress with a tool that, if continued and covers the entire United 
States, will be very useful for developers and to bring the vision for NPDs into a more realistic focus. Of the 
54,000 unpowered dams, analysis indicates that there are only around 1,000 worth developing. The work 
undertaken in tech support for the Littoral and Natel projects was no doubt good, and comments are provided 
under their respective topics. 
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 National Conduit Resource Assessment 
ORNL 

WBS: 1.1.1.508 

Presenter(s): Shih-Chieh Kao 

Project Start Date: 09/30/2020 

Planned Project End Date: 09/30/2022 

Project Description 
Among various undeveloped hydropower resources, the potential from human-made water conduits (e.g., pipelines, 
aqueducts, irrigation ditches, water conveyance canals) has been estimated as being relatively small but having 
the highest development feasibility. This type of small hydropower development does not require the construction 
of new dams or impoundments, involves minimal environmental concerns, and entails reduced development 
timelines. It is eligible for net-metering in most states, yielding high value for the energy generated, and may qualify 
for an expedited 45-day regulatory approval process through the qualifying conduit approval process created by 
the Hydropower Regulatory Efficiency Act of 2013 and its amendments in the America’s Water Infrastructure Act of 
2018. 

To quantify the national undeveloped conduit hydropower resource potential, a reconnaissance-level assessment is 
conducted for three main water sectors in the United States: municipal, agricultural, and industrial. The assessment 
leverages the best available data acquired through federal and state drinking water regulatory agencies, as well as 
novel remote sensing and feature detection techniques for systematic identification of national canal drop sites. 
The outcome of this project will be a publicly accessible hydropower resource assessment report that aggregates 
resource findings to both state and county levels to support future resource planning. 
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Aggregated Reviewer Comments 
• This is an interesting project to assess the potential energy generation in conduits. The reviewer inquired what 

it serves. Whether the potential is 1 or 2 gigawatts does not matter. What is key is providing municipalities 
and other entities with the tools to be able to assess potential generation, technology choices, and associated 
costs. The reviewer recommends changing direction accordingly. 

• The reviewer believes the study is a valuable first step to mobilize the potential for hydropower development 
in existing water conveyance infrastructure, although it will not offer specific identification of potential projects 
but will identify areas of the country (counties) that have potential. The reviewer believes that development of 
specific projects will likely happen in two general ways. One development implementation process will involve 
the infrastructure owner identifying the opportunity, carrying forth an evaluation, and hopefully completing 
construction and operation. This process would be facilitated by outreach to potential owners and operators. 
The reviewer identified several groups in California that could provide a forum for various owners to become 
aware of the opportunities in their system. This includes the Association of California Water Agencies, which 
represents 500 water agencies responsible for more than 90% of the water delivered in California; the 
California Rural Water Association, which represents more than 1,100 rural water systems; and the National 
Rural Water Association. A second process for development would involve private consulting firms or developers 
identifying potential projects and approaching project owners to develop the projects. The current study would 
be useful in this process to enable potential third-party development groups to identify general geographic 
areas of interest using the data provided for various counties in the Western United States. The current study 
provides valuable information for both development alternatives. 

• The reviewer thinks the project may be using a definition of conduits that is too narrow. From the perspective of 
the FERC conduit exemption, consider including the vast canal system that exists in the Northern United States. 
Some of these are still in commercial use and, therefore, eligible for the exemption (check on what FERC allows 
as commercial use). Some are there just for recreation. Many have existing hydro in place, but many branches 
could be developed for new small hydro. The reviewer thinks that including relevant small hydro technologies 
that could be deployed would be an important add to the utility of this project. This type of project should also 
consider the economics. The reviewer believes that standardized approaches to construction and equipment 
are the only ones that will be cost effective because the price of power (and, therefore, the power purchase 
agreement) tends to be very low in the West where conduits are most prevalent. While the project considered 
the municipal water systems, the reviewer thinks there is even greater scope in analyzing the highly fragmented 
municipal water companies, most of which are close to 100 years old, are undercapitalized, and have never 
considered what hydro could do for them if they are close to a water source. Consolidation is happening across 
the country, and getting hydro into their vision of the future with all the long-term benefits is important. This 
does also require a good knowledge of what the various public utility commissions are planning by state as 
municipal water systems and policies are generally set by these commissions. Finally, water rights are key (in 
the West), and the mere fact that there is water there today does not mean that the water will always be there 
(witness the current drought). Where a conduit is located in a reservation or where Native American water 
rights exist, then there is a strong possibility that those rights are there in perpetuity and cannot be taken away. 
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Small Hydro Interconnection Study 
PNNL 

WBS: 1.1.1.601 

Presenter(s): Alison Colotelo; Chris O'Reilley; Todd 
Wall; Hope Corsair 

Project Start Date: 10/01/2020 

Planned Project End Date: 09/30/2022 

Project Description 
Most new hydropower interconnections in the United States may be attributed to small hydropower, corresponding 
to distribution-level generators with nameplate capacities between 0.5 and 20 MW. Though these smaller projects 
hold significant growth potential for the industry, electrical interconnection has historically posed a significant 
impediment to development. To ease this obstacle and further inform small hydropower developers and utilities, 
this work assembles interconnection information from 290 interconnection applications, 151 interconnection 
technical studies, and state-by-state interconnection policies and protocols from across the United States. The 
products will present the findings in easy-to-use tools and guidelines to better equip stakeholders during the 
planning and interconnection phases of small hydropower projects. 

Aggregated Reviewer Comments 
• The reviewer recommends making sure the project is abreast of the current delays in the processing of 

connection applications at the independent system operators (ISOs). There should be an objective of 
identifying how these ISOs can be more responsive to small projects in approving interconnections. 

• It is difficult to provide a specific evaluation on the work product that is still in process. It appears that the 
study did a reasonable job of evaluating interconnection requirements in different parts of the country. 
Interconnection is an increasingly difficult hurdle for small hydropower projects. This study could serve 
to provide the basis for regulatory reform on a nationwide basis. The study results should be specifically 
provided to organizations supporting renewable energy development such as NHA, wind supporters, and 
solar advocates. The goal would be to modernize and simplify the interconnection process for small power 
developers. In summary, this study provides an initial step in streamlining the interconnection procedures. 
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 • This is a worthy and much-needed area for evaluation, and the reviewer looks forward to reading the report. 
It should serve as a good primer to interconnection by state. However, the reviewer inquired how deeply the 
report dives into the differences between system operators and then the distribution companies that operate 
within those systems. For example, in ISO New England, the distribution companies vary by state, and one 
would imagine they should all be similar, but that is not so. The reality is that most distribution companies 
do not understand hydro—be it the need for direct transfer trip, the impact of regenerative drives, or what a 
permanent magnetic generator is. They are used to the solar and wind world and tend to employ contractors 
who know even less. Having said that, these reports are only as good as the last update, so maybe consider 
a technical section, which should be pretty stable but allow for new technologies, and then a current 
requirements section that addresses lead times. 
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Integrated Water Power Resilience 
PNNL, INL 

WBS: 1.1.1.606 

Presenter(s): Juliet Homer; Timothy McJunkin 

Project Start Date: 12/01/2019 

Planned Project End Date: 09/30/2021 

Project Description 
Water and power utilities are interdependent, subject to many of the same natural and human-made hazards, and 
critical to the well-being of communities and society. A wide range of compounding influences—such as increasing 
populations, aging infrastructure, natural disasters, cybersecurity threats, and climate change—increasingly 
threaten the ability of water and power systems to persist and continue to provide essential goods and services 
with acceptable levels of reliability and cost over the long term. 

This project aims to improve the resilience of the nation’s water supplies and power systems by working directly 
with industry partners to develop standard metrics and understanding of interdependencies and risks; compile and 
share best practices and develop useful tools and analysis for coordinated planning and operations for resilience; 
promote data development and sharing between water and power utilities; and increase efficiency, flexibility, and 
renewable energy development in both systems. Final products and outcomes will include a set of high-impact 
visuals, a cross-sector and cross-agency network of industry professionals advancing integrated resilience, an 
aggregation of best practices for risk assessments and integrated resilience planning considering climate change, 
an illustrative set of case studies, and analysis tools that support resilience assessments and planning from the 
electrical interconnect level to the county and community level. 

Aggregated Reviewer Comments 
• While the word “resiliency” dominated much of the presentation, the deliverables were not clear at all. 

Published papers telling utilities they need to create an integrated resource plan are okay, and suggestions on 
areas of study are helpful to them, but it does not seem that work has been done on solutions that can work. 
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• The current study and outreach effort are critical undertakings to prepare both the water and power industries 
for the unavoidable future uncertainties associated with climate change. The scope of this study is challenging 
since the concept of resiliency spans many different agencies and types of climatic uncertainties. The study 
team has done a good job at reaching out to many of the larger organizations to identify resiliency issues and 
to promote the development of mitigation strategies. It was noted in the verbal comments that water and power 
are often provided by smaller companies or municipalities that do not have the resources to conduct in-depth 
evaluations of potential resiliency issues. It is recommended that future work be corrected to develop programs 
for these types of organizations to allow them to economically and reasonably address potential resiliency 
issues without the expenditure of large portions of their revenue streams. 

• The reviewer found it very difficult to understand the output of this project. There are lots of papers, but 
there is an insufficient summary of what the project is about and what it has produced that is tangible and 
implementable. It seems there was a good deal of output, but the examples in the presentation could not be 
read. It is the start of something bigger, but it is unclear. The reviewer is also unconvinced by the breath of 
outside company, agency, and state engagement. It is at the state level that this should be happening, and 
yet reviewers were only referred to the Massachusetts Department of Environmental Protection’s work on 
one element of their climate resiliency work—the hydro turbine in their water supply system from the Quabbin 
Reservoir, the reviewer thinks. This is old news. 
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Cold Spray Process Development for In-Situ Repair and Mitigation of Cavitation Erosion 
PNNL 

WBS: 1.1.1.611 

Presenter(s): Chris Smith 

Project Start Date: 10/01/2018 

Planned Project End Date: 09/30/2022 

Project Description 
Cold spray is a solid-phase coating process primarily used for depositing metal onto other metallic surfaces. It can 
be used to repair or rebuild corroded or eroded surfaces and potentially to improve material properties. Cold spray 
has been demonstrated to be capable of creating surfaces with significantly improved cavitation erosion compared 
to the base material used in hydropower components and even more so compared to surfaces generated using 
current repair processes. 

This project is focusing on developing a portable, capable cold spray process that can be applied manually and in 
situ for repair of hydropower hardware that has been damaged due to cavitation erosion. 

Aggregated Reviewer Comments 
• This is a terrific program of tremendous importance to the industry; well done. It appears the authors still have 

much to do to refine the application process and understand the impacts of the variables with which they are 
dealing. This includes robotic tools for learning the surfaces, along with identifying areas for repair and applying 
and finishing the cold spray repair. The reviewer recommends bringing a robotics partner on board, such as GE 
Labs, to work on this phase of the development. 

• This project has a definable and real value for the successful operation of the existing hydropower installations 
in the United States. In addition to providing an accelerated process to address cavitation damage, the process 
will result in an increased resistance to future cavitation for both existing projects and for new turbine runners. 
It promises to be a game changer for addressing outages due to cavitation. 
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 • This is another example of good, applied research leading to market-ready solutions. Having seen the 
extraordinary amount of high precision, multilayer welding that goes into repairing cavitation, this solution could 
be a great breakthrough. The reviewer likes the robotics (resulting in direct labor cost savings and consistency) 
and wonders if these coatings could be applied to new turbine runner manufacturing processes. The unions 
will not like it as the welder in the shop is considered to be the king. Of course, the aftermarket repair process 
seems excellent. Allowing for in-situ repair would allow for even greater O&M cost savings. 
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Irrigation Modernization (Scoping for Water Challenge) 
INL, PNNL 

WBS: 1.1.3.101 

Presenter(s): Thomas Mosier 

Project Start Date: 10/01/2018 

Planned Project End Date: 09/30/2022 

Project Description 
Initial construction of most irrigation systems in the Western United States took place in the first half of the 1900s, 
funded largely by the federal government. Today, irrigation accounts for up to 80% of water use in the West. 
Irrigation system owners now represent a diverse but poorly resourced set of stakeholders. Irrigation infrastructure 
is also aging, risking efficient water delivery and threatening agricultural production. Irrigation modernization 
activities include projects that incorporate in-conduit hydropower to provide energy resilience. Traditionally, 
these activities have been expensive and difficult to quantify. This has led to a just-in-time approach to most 
modernization projects, resulting in missed opportunities to incorporate hydropower into existing systems. 

The Irrigation Modernization project aims to lower the barrier to entry for irrigation stakeholders through two 
avenues. The first is by providing easy access to IrrigationViz, a pre-engineering, web-based application capable of 
comparing different irrigation modernization scenarios and their potential benefits and costs. The second is through 
stakeholder outreach, establishing communities of practice and identifying win-win scenarios where modernization 
can be incorporated into existing efforts. When successful, the Irrigation Modernization project will enable irrigation 
modernization activities and increase the deployment of renewable technologies in irrigation systems. 
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Aggregated Reviewer Comments 
• Adequate irrigation is a worldwide problem that limits the ability of communities to be self-sufficient in the 

supply of food. Hence, projects like this can be part of the solution. It is appropriate that microgrids be central 
to this effort; remember mill wheels and diversions were common since humans used tools to farm and by 
definition are micro-grids. Thus, using energy, however derived (wind, solar, hydro, etc.), provides flexibility in 
terms of distance between the source and use of the power. Modeling these systems with alternatives and 
variables easily manipulated by prospective farmers or irrigation districts is going to make choosing the right 
infrastructure possible. 

• The reviewer believes that the work products developed by this project have the potential to be an extremely 
valuable tool to both modernize irrigation systems and to capture the economic value provided by the addition 
of hydropower. The development of the IrrigationViz application will provide a systematic and easily usable tool 
for various irrigation districts to economically evaluate potential projects. The reviewer reviewed the application 
and was impressed with the format, even though it is a work in progress. In addition to partnering with 
agricultural groups, the outreach to existing irrigation districts for the development of potential projects is very 
valuable. The reviewer believes this project represents one of the more valuable contributions from the WPTO 
research effort. 

• The reviewer very much liked the approach, which is obviously focused on one major irrigation project but sets 
the table for others. The reviewer would like to have seen more on the significance of integrating all renewable 
sources, especially microgrids, as this area is still much talked about but very few have been implemented from 
the reviewer’s perspective. The reviewer recognizes the complexity of technologies, interconnection rules, and 
licensing, but these all have to be tackled. The presenter referred to the INL Net-Zero Microgrid project, and 
the reviewer inquired whether this could be a tie-in for a follow-on project. The reviewer would very much like to 
understand more of the work being done in the microgrid arena. 
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Cost Data Collection and Modeling for Hydropower 
ORNL 

WBS: 1.5.1.507 

Presenter(s): Gbadebo Oladosu 

Project Start Date: 10/01/2013 

Planned Project End Date: 09/30/2021 

Project Description 
This project encompasses the data collection, modeling, and analysis of the costs and performance of hydropower 
plants in the United States. Thus, the project addresses the challenge of lack of access to information and 
metrics to support hydropower decision making. The project provides capabilities to track and quantify research 
activities’ impacts on the economic competitiveness of hydropower technologies to address the challenge of limited 
opportunities for new, affordable hydropower growth given existing technologies. 

The project has so far focused on NPDs and new stream development hydropower using multiple approaches to 
accomplish these objectives, including bottom-up analysis of hydropower projects, parametric models for use by 
hydropower stakeholders, and other activities. 

The outputs of this project include improved LCOE baselines and reduction targets and updated datasets 
and knowledge on national hydropower costs (including environmental mitigation) for use by researchers 
and policymakers. These outputs are disseminated through technical reports, peer-reviewed publications, 
presentations, and interactions with hydropower stakeholders. The expected outcome of the project is to support 
improvements in decision-making processes and basin-wide management of river resources for multiple objectives 
through hydropower data availability and accessibility and publicly available analytical tools. 
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Aggregated Reviewer Comments 
• This is a project that will really assist any new developers in evaluating and making key choices for projects. 

Much remains to be done, and there are several key facets that need to be addressed before this can be a 
reliable tool. This includes additional cost data from recent projects to be gathered through the establishment 
of nondisclosure agreements and the evaluation of system trends such as growth in annual flows. This is a 
key variable with project operating lifetimes of 100 years. Additional facets that need to be addressed include 
adding transmission interconnection costs such as interconnection lines and substations, O&M and other 
operating costs that affect the financial returns more than capital costs, and inflationary pressure on costs. 
The reviewer recommends that the authors engage a wider range of developers and system operators for data 
collection and review the models in detail. 

• The development of reasonable cost estimates for hydroelectric projects invariably involves assumptions and 
potential inaccuracies throughout the process. This is clearly demonstrated by a review of hard money bids for 
hydroelectric projects that can often vary from contractor to contractor by 10% to 15%. A review of the capital 
costs developed by the project and included in the documenting report indicates that these estimates appear 
to be relatively high based upon comparison with actual, detailed engineering estimates. For example, the 
capital cost for the Overton project in 2019 was estimated to be $6,250 per kW. The Overton project is located 
at one of five very similar locks and dams on the Red River in Louisiana. A detailed engineering cost estimate 
for the very similar lock and dam located upstream of Overton indicated a direct capital cost of $3,522 per kW. 
This raises concerns regarding the accuracy of the estimating process. The capital cost for many of the projects 
identified in the report exceeded $10,000 per kW, which appears exceedingly high compared to recently 
completed projects. For example, the Red Rock project was $10,500 per kW, but the construction included 
several state-of-the-art geotechnical features such as a large secant wall and the world’s tallest (approximately 
100 feet high) diaphragm retaining wall. The discrepancy between the costs identified in the report and the 
actual known costs of projects led me to the “2” score. The reviewer believes this study has value to indicate 
the relative economics of the projects studied. However, the reviewer is concerned that the use of the proposed 
methods, which result in high capital costs, will serve to discourage developers at many sites. 

• This is a critical project as the industry is generally dominated by large firms that do not often share their cost 
information. For the small hydro sector, there are so few developers that the situation is even more critical. 
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The Design and Development of a Composite Hydropower Turbine Runner 
Composite Technology Development, Inc. 

WBS: EE0007248 

Presenter(s): Paul Fabian 

Project Start Date: 07/01/2016 

Planned Project End Date: 12/31/2021 

Project Description 
The overall goal of this project was to verify that composite materials are a reliable and economic alternative to 
traditional runner and flow guide materials and can provide designers with new design options that ultimately 
reduce operating costs and increase energy capture over the lifetime of the system.  

During Phase One, multiple composite matrix systems and hard and soft coatings were evaluated for their ability 
to withstand the potential cavitation that greatly impacts the durability of hydro turbine runner blades. CTD-K08 
resin and CTD-133 anti-cavitation coatings were identified as high-performance materials for these applications. 
In Phase Two, using a scaled hydro turbine design provided by a commercial partner, Composite Technology 
Development, Inc. designed, fabricated, and tested an all-composite hydro turbine runner blade for use in a scaled 
bulb hydro turbine simulator. This was fabricated for use in the 48-inch diameter water tunnel at Pennsylvania State 
University’s Advanced Research Laboratory to simulate real-world turbine conditions. Mechanical bend testing 
confirmed the composite runner design performed as predicted by the finite element analysis. Following testing, 
a set of three composite runner blades was fabricated for testing in the Advanced Research Laboratory’s hydro 
turbine simulator to verify the hydrodynamic performance. The composite runner set performed perfectly during all 
operational conditions with no indication of cavitation. This testing proved that advanced manufacturing methods 
and materials used in the composite turbine blades are viable candidates for use in hydro turbines. 
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Aggregated Reviewer Comments 
• This is a fantastic program; well done. The reviewer recommends that the next steps need to include the 

feasibility of manufacturing with repeatable processes. This is critical to commercialization. Next steps also 
need to design blades using the strengths of the material rather than copying stainless steel. 

• The project results clearly demonstrated that a composite turbine runner could be fabricated to have equal, 
if not sometimes better, characteristics than the stainless-steel runners currently manufactured and used. 
The question that the study did not answer was whether the composite runners provided an economic or 
performance advantage over current runners. In fairness, this question was not part of the ongoing research 
project. It, however, is an important issue that should be the focus of future investigations. If manufacturing 
processes can be developed to more economically manufacture turbine runners, it will obviously have a 
positive impact on the development of future hydro projects. 

• This was a project, excellently conceived, which addressed a real, next-generation advance in turbine 
manufacturing. The presence of a leading turbine manufacturer and an expert in composite manufacturing 
resulted in an excellent result that could be taken to the next level and become a marketable product. While 
composites are commonplace in the aerospace industry, the hydro industry does not have the manufacturing 
volume to drive costs down the same curve. However, given that hydro turbine manufacturing is pretty much 
a bespoke industry and so much waste (that can be recycled) is produced and labor hours expended, it does 
seem that focused design on components that could be made out of composites (on the U.S. side) could be a 
long-term cost reduction driver both in materials and automation and, hopefully, less subject to supply-chain 
challenges. 
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Restoration Hydro: A Watershed Approach to Standard Modular New Hydropower 
Natel Energy, Inc. 

WBS: EE0008777 

Presenter(s): Abe Schneider 

Project Start Date: 08/01/2019 

Planned Project End Date: 01/31/2022 

Project Description 
This project is building a blueprint for Restoration Hydro: A Watershed Approach to Standard Modular New 
Hydropower. The project builds upon the SMH Exemplary Design Envelope Specification in an effort to create 
a scalable, replicable facility design in which watershed restoration, safe water recreation, and cost-effective 
hydropower production are mutual outcomes. Restoration Hydropower envisions a future in which hydropower is 
river connecting, not river dividing. 

This project is unique in its approach of hydropower engineers (from Natel Energy, Wells Engineering, and Small 
Hydro Consulting) working directly with watershed restoration engineers (from Natural Systems Design and the 
University of California, Berkeley, Environmental Systems Dynamics Lab) and whitewater recreation designers (from 
McLaughlin Whitewater Design/Merrick) in the creation of SMH facility designs, facilitated by ORNL. The project 
team evaluated opportunities for simultaneous ecosystem restoration and hydropower development potential and 
identified a new morphological feature—alluvial pockets in which a degraded, unconfined reach located upstream 
of a confined reach can be restored with improved, lateral hydraulic connectivity by the addition of a hydropower 
facility. Fish-safe turbines can enable simplification of facility operations while ensuring timely and effective 
downstream passage and are integrated into a scalable, submerged, modular powerhouse that can be constructed 
for less than $3,500 per kW. 
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Aggregated Reviewer Comments 
• This is a logical follow-on program to SMH in an attempt to prove the SMH principles for river restoration. 

To meet that goal, the team selected an alluvial plain that agencies want reflooded. This is an admiral goal. 
However, the likelihood of this being repeated elsewhere is quite low, so this investment of public funds is 
not effective or useful. The researchers have not achieved their $3,500 per kW installed, and if there is not 
substantial potential volume of deployments expected, then this goal is out of reach. 

• This was a very good presentation and was well explained. The concepts that Natel continues to develop are 
definitely innovative and visionary. The project does need to develop a total cost per kW as today it seems 
understated given quantities and costs including coffer dams, form work, structural steel, etc. The reviewer 
suspects the state agency costs will be significant in any project affecting wetlands. Certainly, in the East, the 
water source and floodplain approach would be challenged given flashy rivers, wetlands protection, and flood 
inundation concerns. The costs associated with FERC licensing, conditions, and FERC Dam Safety should be 
included. 
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Prefabricated Standard Modular Hydropower Installations for Low-Cost Small Hydropower 
Littoral Power Systems Inc 

WBS: EE0008778 

Presenter(s): David Duquette 

Project Start Date: 09/01/2019 

Planned Project End Date: 06/30/2022 

Project Description 
Hydropower is an important renewable energy asset. It provides economic, renewable energy along with services 
that will help enable the clean energy transition. Currently, hydropower is lagging behind other renewables with 
respect to new project development in the United States because of cost and complexity. There is a better way to 
build. Using a set of intrinsically integrated, engineered modules, the process of hydropower development shifts to 
the selection and configuration of engineered equipment. 

In this project, Littoral Power Systems selected sites, developed suitable modules to be used and configured for 
those sites, developed site designs, engaged experts to evaluate economic and environmental performance, and 
integrated that analysis into a design process. Littoral Power Systems can now use this process to select, configure, 
and install hydropower solutions, reducing time, cost, and risk compared to the traditional approach. 

Aggregated Reviewer Comments 
• Littoral has claimed that installations of its modular units have been accomplished, yet the reviewer cannot see 

where that is the case. While modularity is a nice buzzword, it will not inherently provide feasible and lower-
cost solutions. Low-head NPDs are a good target for small, unitized units. Solutions for deployment need to be 
complete from hydraulic input through to generator terminals and be able to be located along a low-head dam 
using a siphon and anchoring scheme. The reviewer thinks this project has gone in the wrong direction. 

• The project appears to have successfully accomplished all the goals identified at the beginning. In terms of 
outreach, the plan appears to solely focus on marketing of the turbine products. Activities such as publications 
in professional journals and participation in hydroelectric industry conferences represent additional outreach 
that could provide greater dissemination of the availability of the new modular technology. 
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 • The project has had a long evolution and some interesting outcomes. Generally, there should be more real field 
examples of implementations. The reviewer inquired, for example, about where the I Modular is implemented, 
the river size, the output, and how it bears up to floods and flashy rivers. It seems that the applications are 
mostly for re-licensed projects, not new development in unpowered dams. It was unclear to the reviewer 
whether there had been FERC Dam Safety validation and U.S. Fish and Wildlife Service confirmation of no 
downstream harm to fish. Costs seem incomplete, and coffer dams would seem to be needed to provide for 
overtopping. The cost per kW seems low. It was unclear to the reviewer how LCOE and cost per kW (full-up 
costs, hard and soft) were calculated. 
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Development of a Modular Helical Fish Passage for Low-Head Applications 
Percheron Power, LLC 

WBS: EE0008945 

Presenter(s): Jerry Straalsund 

Project Start Date: 02/01/2020 

Planned Project End Date: 09/30/2021 

Project Description 
This project aims to dramatically lower the cost of fish passage solutions and to manufacture components in the 
United States. It is focused on developing a new kind of bi-directional fish pass for low-head power plants and other 
barriers to migrating fish such as weirs, dams, culverts, and diversions. The modular device is based on Archimedes 
screw principles. The design is focused on optimizing the helix parameters (pitch, diameter, shape, number of 
flights, rotation speed, flow rate, etc.) for safe and efficient fish passage. Computational analyses of various designs 
offer an understanding of the hydraulic behavior and ensure appropriate conditions can be provided for fish 
when traveling both upstream and downstream through the device. Laboratory testing of scale models validates 
and further optimizes the designs prior to fabrication of a full-sized prototype. The prototype uses advanced 
manufacturing methods to produce modular, easily assembled components of inexpensive plastics and composite 
materials. Live fish testing with the full-sized prototype will be performed at PNNL’s Aquatics Research Laboratory. 

Once demonstrated, it is expected that this modular fish passage solution could be easily implemented at most any 
low-head site. It could be safer and quicker for fish to pass through, require a much smaller environmental footprint, 
have no sediment or trash accumulation, and provide at least an order of magnitude improvement in cost over 
conventional fish passes. 

Aggregated Reviewer Comments 
• This is a great project that can make a significant contribution to effective upstream fish transport. Clearly, 

much remains to be done to characterize the system variables and define the limits of its capabilities in length, 
slope, etc. Different species will need to be tried, especially the weaker ones. 
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• The proposed fish passage design is a potential game changer for many new and existing hydroelectric 
projects. The fact that the fish passage facility supports both upstream and downstream passage is impressive, 
and the fact that the center core provides attractive flows is very impressive and useful. Although the basic 
concept has been demonstrated to be effective, more work needs to be done to optimize the design and to 
allow the concept to be employed at a variety of different projects. Specifically, the effectiveness at different 
angles of the passage needs to be defined. If the passage facility can be angled parallel to the slope (of typical 
earth embankments), it will significantly decrease the cost of the support system for the passage facilities. 
Continued work should be undertaken to provide meaningful design configurations and to evaluate the 
limitations for the passage both in the angle and in the overall maximum head that can be utilized. 

• This project has caught reviewers’ attention. If it is feasible, manufacturable, and able to satisfy the agencies, 
then this will be a very valuable and cost-effective solution for low-head dams. Most new development in the 
East requires upstream and downstream fish passage regardless of whether there is a resident or migratory 
population. Frankly, fish passages are only needed during migratory periods in the East. The reviewer would be 
concerned about leaving a composite unit (lightweight, in the scheme of things) in a flashy or flood-prone river. 
Accordingly, apart from how the unit is secured in the river, consider having a lifting device to allow for removal 
of the unit off season. It is also worth double checking the species that can make it up a 26-degree slope. 
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Advanced Compact Generation Module with Fish Safe Runner Technology 
Natel Energy, Inc. 

WBS: EE0008946 

Presenter(s): Gregor Cadman; Sterling Watson 

Project Start Date: 02/01/2020 

Planned Project End Date: 09/30/2022 

Project Description 
This project centers on the development of a family of compact, RoR, overflow bay generation modules using fish-safe 

Natel turbines and based on ORNL’s Exemplary Design Envelope Specification for SMH. In conjunction with module 

preliminary design, performance, and cost assessments, the project has focused on key validations of downstream 
fish passage safety and the maturation of advanced manufacturing methods for the unique fish-safe runner designs. 

This project seeks to address the combination of environmental and cost challenges that limit new stream-reach 
development via minimal excavation and elimination of downstream exclusion without compromising generation 
performance. Combining downstream passage with turbine flow uniquely eliminates the need for exclusion, bypass, 
and guidance systems. Tests conducted within the project demonstrate the very high survival (more than 99%) 
necessary to minimize population impacts from distributed multi-site projects. Simultaneously, composite runner 
materials and methods have been assessed for high fatigue and environmental life. With pending publications of 
fish passage tests, the project team intends to open a door for the viability of through-turbine passage for low-head 
hydro and, generally, enable new or retrofit compact, low-cost, RoR development. The project team includes Natel 
Energy, Inc; PNNL; Kleinschmidt Group; and the ORNL Manufacturing Demonstration Facility. 

Aggregated Reviewer Comments 
• This is the best turbine design coming out of Natel to date. It is cleverly designed and, hopefully, it will perform 

as expected. The base generation module can be used in a wide range of weir and low-head dam applications. 
There remains much to be done to prove out the design in a real-world application. Areas such as high-head 
events, debris entrainment, foundation system, on-shore balance of plant design, multiunit management, and 
ice flows all require extensive design work and testing. 
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 • The reviewer wonders if this technology is going to be effective with heads greater than 3 meters. The reviewer 
is unclear on what species dwell low in the riverbed or down at the level of the turbine. Clearly, this includes 
eels. The reviewer imagines that apart from the Natel-based tests, the U.S. Fish and Wildlife Service will need 
to see real life testing, which is in the plan, rather than bench testing. The reviewer inquired if arrays of fixed-
blade turbines are able to maintain efficiency and also manage fish passage in low-flow periods. The reviewer 
also imagines the software routines and necessary sensors (flow, level, etc.) will become more complex as the 
arrays are scaled. 
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A Novel Sediment Passage Module Design for Support of Standard Modular Hydropower 
Regents of The University of Minnesota 

WBS: EE0008947 

Presenter(s): Jeffrey Marr 

Project Start Date: 02/01/2020 

Planned Project End Date: 04/30/2023 

Project Description 
WPTO is pursuing priority research areas to support the emerging frontier of next-generation hydropower. This includes 

the concept of SMH technologies, which are envisioned as scalable, stand-alone sub-systems of the complete 

hydropower system (power generation, fish passage, sediment passage, etc.) that serve to produce electric power 
while minimizing site-specific design. The SMH platform concept will support both existing NPDs and new stream-
reach development. 

This research project seeks to develop a sediment passage module for low head (less than 10 meters) dam sites. 
The technology is based on an approach called “hydrosuction,” which uses head behind the dam to drive sediment 
into conveyance pipes at the river bottom and transport it downstream of the dam. The system under consideration 
is unique for several reasons. It uses an array of submerged, permeable vanes placed on the riverbed in strategic 

locations to “steer” sediment toward the suction intakes. It uses siphon inlets, each with multiple inlet points, to 

continually capture sand-sized bedload material and transport it out of the reservoir, and the natural water elevation 

drop across the dam provides the energy necessary to transport the sand. The system is designed to operate with 
minimal operator oversight, unlike active dredging. This report will provide an overview of the ongoing research, which 
is approximately 60% complete. The team will discuss design efforts on individual components, methods of design 

development and performance verification, and next steps in the project. 
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Aggregated Reviewer Comments 
• This is a clever concept, but the reviewer is not convinced it is practical. When one compares it to a bulk-

handling, barge-mounted system, one expects it to be more expensive and harder to maintain. The nozzles will 
become clogged. The presenter described it as a new stream-reach-based system, of which there may not be 
many, so it has to be able to handle a retrofit application if it is to be commercially viable. 

• Sedimentation in upstream reservoirs is a significant, long-term problem that can impact both generation and 
recreation. The goal of identifying and developing methodology to transport sediment beyond the retaining data 
is a very worthwhile undertaking. Based upon the reviewer’s view that many future, new stream developments 
are highly unlikely, the reviewer does not believe the proposed research will have a significant impact on the 
development of new hydropower potential. For this reason, the reviewer scored the initial question as a “two.” 
The reviewer does believe that the research and study results could have a very beneficial impact for existing 
impoundments. The reviewer is aware of several projects that have settled with concerns and would be very 
interested in any new methodology to move existing and new sediments downstream of the impoundment. For 
this reason, the reviewer believes that continued research in this area could be very worthwhile in maintaining 
the generation and recreational benefits of existing projects. 

• The main takeaway was that managing and maintaining an array of vacuum tubes in a riverbed will be costly 
and somewhat impractical. Fast-flowing, flashy, or severe flood-prone riverbeds will make this even harder. 
Downstream silt deposition and the impact on the streamflow will be difficult to model. In the Northeast or 
areas where there has been manufacturing historically, the other problem relates to disturbing environmentally 
challenged silt and materials that should not be passed downstream. 
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Prefabricated Zero Ascend Omnispecies (ZAO) Modular Fish Passage Modules Using Advanced
Manufacturing Techniques 
Littoral Power Systems Inc 

WBS: EE0008969 

Presenter(s): David Duquette 

Project Start Date: 08/01/2020 

Planned Project End Date: 10/31/2022 

Project Description 
Numerous hydropower facilities require cost-effective fish passage technology. The challenges are cost, attracting 

and passing both weak and strong swimmers, placing the entry in the path of the fish, and attracting fish especially 

in competition with turbine outflow. The zero ascend omnispecies fish passage attraction module, ZAO-Attractor™, 
addresses these challenges by integrating the successful Whooshh fish passage system into a unique, partially 

submerged, floating body shape with an adjustable entry that takes advantage of the turbine outflows for attraction 

rather than competing with them. 

A successful ZAO-Attractor makes volitional, upstream attraction, and passage of weak (e.g., river herring) to strong 

(e.g., Atlantic salmon) fish available at a fraction of the cost of traditional approaches, making it affordable for low-
impact and small hydro projects. It is a prefabricated system that can be assembled and set up in a matter of days. 
Each module has the capacity to pass up to 43,200 fish per day. Multiple modules can be deployed at a site for 
increased capacity. Modules can be moved to find the best place for fish entry. The modules can be removed and/or 
relocated, providing resilience against climate change. ZAO-Attractor requires no water from the head pond, leaving as 

much water as possible for energy generation. 

Aggregated Reviewer Comments 
• This is a clever concept for fish attraction. The reviewer is concerned about the structure floating like a boat. 

Tethering in uncertain riverbed stability, high discharge flows, and varying depths will present considerable 
challenges. The reviewer is unclear why this cannot be a fixed-in-place unit. 
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• The proposed attraction facility appears to have been developed in a reasonable and systematic manner. 
The development included several industry partners that provided valuable input to the process. The project, 
however, did not include advisory groups from the regulatory arena. Since any fish passage facility or system 
will likely require regulatory approval, it would be very desirable to include regulatory representatives and 
experts in the evaluation and development process. Although the system provides an economical alternative 
to current fish passage and design, it appears that the use of this system is limited to warm-weather locations 
or seasonal periods in cold-weather environments. Whether this is a major factor in the overall effectiveness 
of this type of solution will need to be determined likely on a project-by-project basis. The state regulatory 
agencies, FERC, and U.S. Fish and Wildlife Service staff will likely have key inputs to these decisions. The use of 
this prototype facility for an actual project will be a valuable test and demonstration. 

• The reviewer recommended considering flood impairment elements and inquired what is done with the unit in 
floods. Rigging and derigging the Whoosh and ZAO units will be a cost part of O&M. Some real scale models 
of the unit need to be developed and tested. Today, it looks too much like an Erector Set and would appear to 
have to be hidden in the depths of the river, which will also drive implementation costs. The reviewer doubts 
this is a solution for low head. 
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Grid Reliability, Resilience, and Integration (HydroWIRES) 
Activity Area Evaluation 

WBS: 1.2 

Presenter(s): Samuel Bockenhauer 

Aggregated Reviewer Comments 
• The overall impression of the HydroWIRES program is that it has evolved and performed very well since the last 

peer review. It has focused on developing mechanisms and funding research that aim to enhance hydropower 
performance to enable a flexible, reliable, and resilient grid. This could also enable hybrid power plants, 
meaning they use hydro as the main source to enable and increase generation from any other renewable 
energy source. The HydroWIRES program already funds several activities needed to achieve this, and it may be 
interesting to explore and identify R&D areas that would benefit from more funding to enable a hybrid plant. 
The program is very well managed and organized. It demonstrated that it has defined the strategy and works 
in accordance with the MYPP to meet its vision, mission, and intended outcomes. This is further supported 
by how the R&D projects all align with the program’s priority areas and how they demonstrate adherence to 
the program’s rationale. This is only achievable through effective communication that enables them to form 
the building blocks for the program. The FAST Commissioning Prize is a brilliant example of how the program 
leverages appropriate funding mechanisms to achieve outcomes. It was very interesting to learn more about 
how they have developed their approach and appear to have found success with great prize winners. The 
reviewer also finds that the program has extensive communication with an excellent understanding of the 
needs of the industry and other stakeholders. The program has successfully developed a strategy and funds 
research that enables it to address challenges that will benefit the industry and the value chain to end users. 
The reviewer believes the program will have a great impact on the sector, and it is on the path to address 
critical challenges. It could be of interest to also measure the impact of the program by identifying a suitable 
set of metrics. The program is very well organized, which is evident through how it balances its role as a 
public entity. The program is successfully managed with excellent accomplishments and results. The program 
demonstrates good stewardship of taxpayer funds by transparently communicating program priorities and 
resulting investments. Several of the R&D projects develop comprehensive datasets for their own modelling. 
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Several of these sets can probably be used for future research with other objectives, both individually and 
combined. This increases the value of the datasets and may require a more aligned approach in how the 
projects name and tag the same data points, variables, parameters, etc. The reviewer encourages WPTO to 
explore the possibilities for unified nomenclature for datasets.  

• This program has fantastic outreach with very diverse stakeholders. There was a great summary of issues and 
gaps. All projects are pertinent and needed. The presentation was fantastic. The reviewer believes there was 
one project about hydro with other renewables and would like to see more unbiased comparisons/synergies/ 
reporting on how they all work together, benefits pros and cons, and why all are needed. It would be great if 
this great research could also be simplified and targeted to educating U.S. citizens, students, etc. For example, 
the reviewer suggested explaining why they should be concerned about ancillary services and what it means to 
them. 

• The HydroWIRES Initiative Research Roadmap laid out in clear detail the ways in which it will understand, 
enable, and improve hydropower and PSH’s contributions to reliability, resilience, and integration in the rapidly 
evolving U.S. electricity system. It defined four key challenges facing the industry and, from those, four focused 
research areas. Within the four research areas, 15 technical objectives were defined. Activities to address 
these objectives were presented, including the character of the activities (tool development, foundational 
understanding, etc.). The short-term, intermediate, and long-term results were identified as associated 
with each research area, and the rationales for each area and objective were described. The activities and 
projects were devised based on substantial input from industry and stakeholders and leverage appropriate 
funding mechanisms (financial assistance, prizes and competitions, national lab-led R&D, and a few others). 
Regarding implementation and progress, 25 projects funded by the HydroWIRES program were reviewed. Each 
project presentation documented an overview of the work conducted, the purpose of the work, its budget and 
approach, and directly connected the project objectives to the HydroWIRES program objectives. The progress 
and/or results of each project were also presented, including the relevance of outcomes and dissemination 
and tech transfer plans and accomplishments. Understanding that with the program’s finite, albeit substantial 
budget, it is impossible to fund all of the most relevant technologies, tools, and studies, those receiving funding 
certainly are relevant and important. Based on the well-defined goals and objectives of the HydroWIRES 
program and the project presentations, it is clear that the program will very likely meet all of the performance 
goals and objectives set forth in the WPTO MYPP. The only areas that could use some improvement relate to 
dissemination and outreach of the results and tech transfer, and how to make the excellent project results 
continuously available and accessible to the community of stakeholders. In summary, the HydroWIRES program 
has evolved very well since its inception and initial review in 2019. The program is now very well defined, 
useful, and well run. It is a good and appropriate use of taxpayer dollars, and the program is effective and 
efficient in using those taxpayer dollars. 
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Project Evaluations 
Value Drivers Quantification 
Argonne National Laboratory (Argonne), NREL, PNNL 

WBS: 1.2.1.008 

Presenter(s): Todd Levin 

Project Start Date: 09/01/2020 

Planned Project End Date: 03/31/2022 

Project Description 
system-level value drivers for hydropower resources by analyzing historical electricity market data to identify system 

factors that have influenced energy prices, executing production cost models to simulate electricity prices under 
different system conditions, applying a custom statistical calibration tool to adjust modeled price distributions to 
account for system uncertainty, and applying a hydropower management tool to optimize plant operations in response 
to price signals and determine the system value provided by hydropower under different system conditions. 

Intended outcomes include a framework for value driver quantification that is broadly applicable across the United 

States for various system conditions, along with an application of this framework across several regional case studies 
to identify the system- and plant-level drivers of hydropower value. 

Aggregated Reviewer Comments 
• The project objective responded well to WPTO’s and HydroWIRES’ mission. The tool and objective will have a 

high value for the industry, and it is the modeling that is particularly innovative. However, this also increases 
the complexity as it is necessary to include many parameters, and careful selection of each parameter is 
required. This also increases the challenge of distilling the results to enable a wide audience. The project 
team identified a broad stakeholder group. It is good to observe that they have engaged a technical advisory 
group quarterly to present progress and findings and solicit feedback. When presenting, they elaborated more 
on their good dissemination plan and indicated they plan to make the raw data available. The results and 
accomplishments demonstrate good performance. However, the reviewer encourages the team to present 
more on project management as this is an integral part of performance evaluation. It is also of interest to 
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others to better understand how the team managed this type of project and if the team had sufficient budget 
or required an increase and why. It is also of interest to better understand the project schedule and whether 
it progressed according to plan or what may have been a hindrance. The reviewer inquired if this is something 
that could normally be expected or if it was a one-time challenge. This type of knowledge is usually valuable to 
others conducting similar projects. The team presented a solid list of future work that could benefit from more 
information on timeline, decision gates, etc. It would also be interesting to learn more about why these topics 
were proposed. 

• This is a really impressive project concept that is much needed. The team did nice work determining a 
way to quantify the hydro value drivers. The reviewer appreciated the work the team did identifying market 
enhancements needed for proper PSH valuation along with high-level market consideration recommendations. 
The technical advisory group was diversified and well represented. All the work is very relevant to current hydro 
industry shortfalls. The tools will be useful, helpful, and valuable to the industry. Details on how best to get the 
information out to the industry to those who will benefit most was lacking though.  

• Regarding project objectives, this project’s goal was to quantify the relative impact of different system-level 
value drivers for hydropower resources. A project management plan was not presented, but a project approach 
and timeline were. The timeline presented well-defined milestones but did not show go/no-go decision point 
or risks. The project approach flowchart was hard to decipher (e.g., the start was unclear). The reviewer 
suspects the oral presentation will clarify. The project’s expected outcomes will be useful and relevant and 
lead to meaningful short-term outcomes. Regarding end-user engagement and dissemination, the project 
team engaged with a technical advisory group quarterly to present progress and findings and solicit feedback, 
and the group members appear to be from relevant stakeholders. There is no specific tech transfer plan, 
but that is likely not needed for this project. Three journal articles and one technical report are planned. No 
presentations at industry events are planned but would be useful. Regarding performance, the project team 
has made significant progress toward achieving its objectives, and most of the expected outcomes have been 
completed. The project approach flowchart demonstrated sound R&D methodologies. Accomplishments have 
been achieved on schedule. The future work mentioned involved publications. 
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PSH-TES Tool 
PNNL, Argonne 

WBS: 1.2.1.606 

Presenter(s): Mark Weimar; Patrick Balducci 

Project Start Date: 11/01/2018 

Planned Project End Date: 09/30/2020 

Project Description 
PSH projects support various aspects of power system operations. However, determining the value of PSH projects 
and the many services and contributions to the electric grid they provide can be a challenge. To respond to this 
challenge, a five-laboratory consortium previously developed a PSH Techno-Economic Guidebook that defined 

extensive modeling approaches to evaluating the economic benefits of PSH projects. In addition, two case studies for 
potential PSH projects at Goldendale, Washington, and Banner Mountain, Wyoming, were undertaken to validate the 
approaches in the guidebook. Thus, the PSH Valuation Tool project was undertaken to develop a set of online tools 
that industry, regulators, and other stakeholders could use to evaluate new projects and additions to current PSH 
plants to determine the efficacy of their implementation. 

During FY 2019 and FY 2020, the research team engaged in stakeholder discussions to determine the tool features 

that would offer the most significant impact to industry. The tool was developed to bring the guidebook to life. The web 

tool is a 15-step decision tree tool with a price-influencer approach and an embedded price-taker tool. The price-
influencer approach allows prices to adjust as larger quantities of electricity flow onto the electric grid. The price-taker 
tool optimizes revenues subject to pumping and generating constraints across selected use cases for small projects 
(less than about 10 MW) that will not influence market prices. Both the price-influencer and price-taker tools can value 

bulk energy services, ancillary services, reliability and resilience, transmission infrastructure benefits, energy security 

benefits, and other indirect benefits. The tool also has an embedded benefit cost and financial tool and a multi-criteria 

decision analysis tool. In the 15th step, a report can be exported. 
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Aggregated Reviewer Comments 
• The reviewer considers this project to be highly relevant for WPTO’s mission, and it is a good continuation of the 

guidebook that the reviewer believes will be very useful for the industry in the United States and internationally. 
The project output and outcomes presented are good and supported by a well-written elaboration on the 
project’s relevance. The reviewer encourages the team to elaborate more on the relevance of and plans to 
achieve the future outcomes to facilitate development and improve performance of future PSH facilities. 
They presented some information on project management, and it is good to read more details on budget with 
comments on delay and underspending. The accomplishments and results demonstrate good performance, 
and successful completion will yield meaningful short- and long-term outcomes. The reviewer recommends the 
team further detail their stakeholder and end-user strategy. The reviewer thinks it is good that the team has 
identified and queried stakeholders for relevant input, and it would be beneficial if representatives from this 
group are included in the review panel. They presented a broad definition of end users, and it may be beneficial 
to assess if they could start with a smaller group to build their user numbers. The team has started to 
disseminate the tool through workshops and to provide additional training through tutorials, etc. The reviewer 
also recommends that the team establish key performance indicators to demonstrate how they will attract, 
train, and retain users. They have a good presentation of future work, and it would be good if they also present 
a plan to complete these tasks. When presenting, the team shared that they have applied for funds to continue 
to fund, maintain, and develop this tool. 

• The reviewer is very familiar with this project and thinks it is a great tool that is impressive, complete, and 
meaningful. It is great how the team solicited industry feedback before rollout. The reviewer cannot remember 
how many people were on the call, but it was significant. The reviewer hopes the team is keeping metrics on 
who and how many are using the tool. The reviewer inquired whether the team can tell where users get stuck 
so the tool can be improved. It was unclear to the reviewer how the team gets the word out about the tools. 
Suggestions for more outreach include having a “developers corner” on the FERC website under industries and 
hydropower that includes the tool, working with NHA to have a “developers corner” on their website where this 
tool could be included, and considering this approach with other associations. The reviewer imagines most 
original equipment manufacturers would consider placing this on their websites since most developers use 
their webpages for basic information on hydro equipment and projects. Most developers (independent power 
producers) would benefit a lot from this tool and do not have much technical depth, thus some of the inputs 
required may be difficult for them. For the above reasons, the reviewer wonders if it would make sense to 
develop a slim/easier/lighter version for independent power producers since they are developing 95% of the 
more than 90 proposed pumped storage projects. 

• Regarding project objectives, the project created a PSH Valuation Tool that steps the user through a 15-step 
benefit-cost analysis process laid out in the PSH Valuation Guidebook. No project management plan was 
presented, though a timeline was provided. However, the timeline appeared to run from September 2020 
to September 2021 and did not show tasks through the end of the project in September 2022. It was a 
confusing chart. The project’s expected outcomes will be useful and relevant and lead to meaningful short-
term outcomes. Regarding end-user engagement and dissemination, the report described a process where 
stakeholders were identified and queried for input for development of the valuation tool, and a tool review 
team was created. The project team has a good plan to engage industry and already has several meaningful 
disseminations. The report did not describe a tech transfer plan per se, but it did mention that it is creating a 
web-based valuation tool and that it is considering issues related to subscriptions, licensing, etc. Regarding 
performance, the project team has made very good progress and appears on track to complete the work. 
Insufficient details were provided to assess the soundness of the R&D methodologies, though the results 
presented suggests sound practices. Other than inconsequential delays and a Gantt chart that is not clearly 
presented, the project seems to be on track and hitting its milestones. A few items were listed as future work, 
and they seem consistent with the goals of the project.  
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HydroWIRES Topic B2: Improving the Representation of Hydrologic Processes and Reservoir
Operations in Production Cost Models 
NREL, PNNL 

WBS: 1.2.2.404 

Presenter(s): Greg Stark; Nathalie Voisin 

Project Start Date: 10/01/2019 

Planned Project End Date: 09/30/2021 

Project Description 
Recent trends toward increased reliance on variable generation and emerging concerns about the impacts of climate 
and weather uncertainty on infrastructure systems have highlighted the growing need for improved hydropower 
modeling capabilities within grid operations models. To address this challenge, NREL is working with RTI International 
to develop an open-source modeling framework that enables the flexible specification of power system scheduling 

problems, including enhanced representation of water resource availability, hydropower constraints, and multi-stage 

stochastic programming capabilities. The platform combines the flexibility of NREL’s Scalable Integrated Infrastructure 

Planning grid operations model with a generalized, river basin, decision-support system and network flow model, 
allowing optimization across both grid and river basin operations. 

Demonstration use cases focus on research and enhanced planning in the water-energy nexus domain, including 

how to predict and make best use of water availability for hydropower production, discover trade-offs between water 
supply and hydropower generation, and predict and quantify the space-time dependencies and feedback connections 

between hydropower and variable generation (wind and solar), the water cycle, and other weather-related events. 

Aggregated Reviewer Comments 
• The project objective is highly relevant to WPTO’s and HydroWIRES’ mission. The objective and dataset will 

have a high value for the industry since it will provide a foundation that allows improved available flexibility and 
operational constraints as well as a template that can be used by commercial production cost modeling. This 
also increases the complexity as it is necessary to include many parameters, and careful selection of each 
parameter is required to assess a plant’s investment needs and costs. Furthermore, it may be beneficial to 
align parameters in this dataset with others from the HydroWIRES initiative. The team has a very good focus 
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on end-user engagement and dissemination. This is demonstrated by having already produced a substantial 
number of publications. They presented a good approach, and the reviewer considers this to be a high-
performing project with good results and accomplishments. The presentation would benefit from increasing 
the focus on project management. This could enable others to learn more about how to conduct successful 
research programs. They have presented a good list for future work with a timeline. The reviewer encourages 
the team to start identifying solutions for how to maintain the dataset if that has not already been done. 

• This is a great project. The reviewer appreciates the work on increasing the robustness of hydro models and 
that the team is coupling models. The team may also consider outreach to modeling companies used by the 
industry to make sure they incorporate this data. The team needs to think more about how it is going to best 
inform potential users since the team improved the model.  Industry conferences are good, but the team has to 
make sure they are attended by potential users. Great work.  

• Regarding project objectives, this project’s goal is to improve hydropower’s representation in power system 
models by actively coupling river basin (hydrologic) models with grid operations (production cost) models. No 
project management plan was presented, but milestones were presented on a basic timeline. No go/no-go 
decision points were listed, and risks were not mentioned. The project’s expected outcomes will be useful and 
relevant and lead to meaningful short-term outcomes. End-user engagement is light. This was addressed and 
explained during the peer review presentation. The project dissemination plan is also light, especially in terms 
of engaging the water power industry and users of production cost models. There is a no tech transfer plan to 
move the model (FLASH) to the broader community of users. Regarding performance, the project team appears 
to have made significant progress in developing the FLASH mode, but the model was not very well described. 
Insufficient details were provided to assess the soundness of the R&D methodologies, though the information 
provided suggests reasonable approaches were used. Except for a delay due to COVID, the project seems to be 
proceeding roughly as depicted on the timeline. Future work needed to complete the project was mentioned. 
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HydroWIRES Topic D1: CEM enhancements 
NREL 

WBS: 1.2.2.405 

Presenter(s): Stuart Cohen 

Project Start Date: 10/01/2019 

Planned Project End Date: 09/30/2021 

Project Description 
Long-term grid planning tools have difficulty representing detailed hydropower operating characteristics, which depend 

on technological specifications and water management practices and regulations. As a result, the value of hydropower 
is incompletely characterized, and the potential role of hydropower in the performance and resiliency of the future 
electric grid is not fully understood. 

This work will fill that gap by developing new ways to represent hydropower resource, technology, and operational 
characteristics in electric sector capacity expansion models and implementing them in the open-source version of 
NREL’s Regional Energy Deployment System model. This model is a well-established, national-scale, grid-planning 

tool used since 2003 by DOE and others to explore the evolution of the U.S. electric sector. Improvements will include 

a comprehensive national resource assessment for PSH and methods for modeling multiple hydropower technology 
categories characterized by technical, regulatory, and economic characteristics. The project will provide guiding 
principles and strategies for improving hydropower modeling in capacity expansion models and deliver a first-of-its 

kind, versatile PSH dataset. All data, code, and methods will be publicly available, allowing the industry to better 
identify the value of hydropower in the future electricity system and make more informed planning decisions. 
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Aggregated Reviewer Comments 
• The reviewer considers the project objectives to be highly relevant for WPTO since the project responds well 

to the challenge of limited access to the information necessary to support decision making by developing 
a dataset ready for analysis with an analysis method available publicly. The output and outcomes are well 
aligned with the objectives and have relevant applications for both short- and long-term perspectives. The 
team identified its end users, and there are many for a dataset and analysis methods like these. They engage 
stakeholders on an as-needed basis or in quarterly and report reviews. The reviewer encourages the team to 
involve stakeholders more actively in the process to ensure the project meets their needs. They have listed 
a number of dissemination activities that appear interesting, and the reviewer would appreciate a short 
description and link to these. The results and accomplishments demonstrate good performance. However, 
the reviewer encourages the team to present more on project management as this is an integral part of 
performance evaluation. It is also of interest to others to better understand how the team managed this 
type of project and if the team had sufficient budget or required an increase and why. It is also of interest to 
better understand the project schedule and whether it progressed according to plan or what may have been 
a hindrance. The reviewer inquired if this is something that could normally be expected or if it was a one-time 
challenge. This type of knowledge is usually valuable to others conducting similar projects. The team presented 
an extensive list for future work that could benefit from more information on timeline, decision gates, etc. It 
would also be interesting to learn more about why these topics were proposed. 

• The lack of robust PSH modeling has been a major issue facing the industry. For this reason, the reviewer 
appreciates the work this team is doing. The fact that the team’s data will be integrated into the Regional 
Energy Deployment System model will provide more accurate information on the benefits and capabilities of 
PSH’s ability, which, of course, has been lacking. The team’s work will also provide a fairer representation when 
comparing hydro to other renewables. This is important because this database is used by the government for 
decision making and outreach. The reviewer agrees with the future work identified, and it is needed. Please 
continue outreach to others in the industry so they are aware of this project. Great job. 

• Regarding project objectives, the purpose of this project was to develop new capacity expansion model 
capabilities and data to represent and understand hydropower and PSH flexibility, upgradeability, and 
deployment opportunities. No project management plan was presented, but some milestones and one go/ 
no-go decision point were presented on the project timeline. Risks were not addressed. The project’s expected 
outcomes will be useful and relevant and lead to meaningful short-term outcomes. Regarding end-user 
engagement and dissemination, a diverse set of stakeholders were engaged, including several industry and 
national lab representatives. The project team interacted with industry stakeholders throughout the life of the 
project. A tech transfer plan was not articulated, though several useful forms of dissemination are planned 
(and occurring) that will lead to tech transfer. Regarding performance, the project team appears to have made 
significant progress toward achieving its objectives, and several accomplishments were mentioned. Insufficient 
details were provided to assess the soundness of the R&D methodologies, though the information that was 
provided suggests sound methods were employed. No Gantt chart (or similar) was provided for the project, so 
it was not possible to assess the schedule or challenges/delays. That said, the project is near completion and 
seems to have met its objectives. Several items were listed as future work, and they are consistent with the 
goals of the project.  
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HydroWIRES Topic A: Environment-Flexibility Win-Wins 
ORNL 

WBS: 1.2.2.501 

Presenter(s): Brenda Pracheil 

Project Start Date: 09/01/2020 

Planned Project End Date: 03/31/2022 

Project Description 
The evolving role of hydropower to support increased contributions from variable renewable generation will change 
the way hydropower plants are operated and their environmental impacts as they are asked to ramp up and down 
and be available for generation if wind and solar are unavailable. The industry is just beginning to understand the role 
hydropower could play in the future grid and how interactions between power and environmental needs may point to 
research and policy gaps that need to be addressed as the grid decarbonizes. 

Hydropower plants commonly have flow requirements created to protect biodiversity and ecosystem services provided 

by riverine ecosystems. However, it is currently not known whether or to what degree these flow requirements could 

limit the ability of hydropower to support more variable renewables in the power system. Moreover, climate change 
creates additional uncertainty and risk, affecting both power system reliability through increases in extreme weather 
and water stress that can affect ecosystems in a variety of ways. Therefore, there is a critical need to optimize trade-
offs and co-design license requirements that address both environmental outcomes and power system needs at 
relevant scales. This project provides information that could be used by a cross-section of hydropower stakeholders 

involved in the FERC licensing process—such as hydropower operators, environmental and cultural resource interests, 
and state, federal, and tribal resource agencies—in the development of protection, mitigation, and enhancement 
measures for designing environmental and operational flows that create energy-environment win-wins. 
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Aggregated Reviewer Comments 
• The reviewer considers the project objectives to be highly relevant for WPTO since they focus on identifying 

win-win scenarios for hydropower and environmental solutions while keeping the objective of a reliable grid to 
enable the integration of variable renewable energy in mind. The reviewer thinks the team correctly addresses 
many of the relevant topics and found the discussion on ramp rates in an environmental context highly relevant 
and interesting. In the reviewer’s opinion, hydropower is key for the energy transition on both system and 
environmental levels where it is important to find solutions to attenuate the flow due to fast up/down ramping 
of hydro and PSH. The reviewer thinks this research has accomplished much in terms of identifying constraints 
from many angles such as market, licensing, climate change, etc. The reviewer encourages the team to seek 
solutions in the design of hydro that can mitigate the environmental constraints for fast change in flow from the 
plants. The project outcomes and outputs support the project objectives and demonstrate accomplishments. 
The results and accomplishments demonstrate excellent performance. However, the presentation could benefit 
from an increased focus on project management, which is of interest to others to better understand how the 
team managed this type of project. 

• This is the first time the reviewer is seeing a model that includes trade-offs between energy and environmental 
impacts for operators. The reviewer really likes it but struggles with how to actually quantify environmental 
benefits/impacts. On slide four, it would have been helpful to define milder impactive versus significantly. For 
example, the team could provide an example of what a significant environmental impact would be versus one 
mildly impactive. The reviewer looked at some of the other reports provided and sees that quantification of 
environmental impacts is not easily answered. The reviewer is hopeful the team’s work will continue in this 
area. At any rate, the reviewer is very impressed with the work and looking forward to future results.  

• This project sought to create conceptual and quantitative links between energy and the environment to 
find hydropower energy-environment win-wins. No project management plan was presented, though project 
milestones were shown on the project timeline. Go/no-go decision points and risks were not mentioned. 
The project’s expected outcomes will be useful and relevant and lead to meaningful short-term outcomes. 
Regarding end-user engagement and dissemination, the project involved a technical advisory group with 
members experienced in FERC hydropower licensing negotiations of environmental flow requirements. The 
members appear to be from relevant stakeholders. There is no tech transfer plan, though the project results 
will be disseminated in a project final report, peer-reviewed publications, and information available on 
HydroSource. Regarding performance, the project team completed the project and expects three publications 
(one published and two in review). The presentation infers that the objectives were achieved, but it is 
difficult to tell from the presentation. Insufficient details were provided to assess the soundness of the R&D 
methodologies, thought the outcomes suggest they were sound. No Gantt chart (or similar) was provided for 
the project, so it was not possible to assess the schedule or challenges/delays. It does appear that the project 
was finished on time. The future work discussion mentioned a follow-on project that will be initiated in October 
2022. 
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Hydropower Storage Capacity Dataset 
ORNL 

WBS: 1.2.2.504 

Presenter(s): Carly Hansen 

Project Start Date: 09/01/2020 

Planned Project End Date: 09/30/2021 

Project Description 
The Hydropower Energy Storage Capacity Dataset project documents and analyzes water storage patterns at 
existing hydropower facilities and translates this information into energy storage. In creating a national-scale 
dataset, this project brings together storage and facility characteristics from a variety of sources to describe 
boundary conditions and summarize patterns more consistently and comprehensively than was previously possible 
with any single dataset. The dataset provides a foundation for understanding potential resources that may support 
increasing storage needs of the evolving grid. 

Aggregated Reviewer Comments 
• The project objective responded well to WPTO’s and HydroWIRES’ mission. The objective and dataset will have 

a high value for the industry, and the aim to combine storage and facility characteristics at a national level is 
particularly innovative. This also increases the complexity as it is necessary to include many parameters, and 
careful selection of each parameter is required to assess a plant’s flexibility capabilities. The team included 
many relevant parameters, but the reviewer encourages them to evaluate if they could include parameters 
on reservoir surface area. In the reviewer’s opinion, this could be valuable information to assess potential 
environmental impacts of flexible operation in reservoirs and if the reservoir is suited for it. For instance, large 
and frequent fluctuations in water levels may cause slope erosion and increase the risk of instabilities leading 
to landslides, etc. Furthermore, it may be beneficial to align flexibility metrics in this dataset with others from 
the HydroWIRES initiative. The team presented a good approach, and the reviewer considers this to be a high-
performing project with good results and accomplishments. The presentation would benefit from increasing the 
focus on project management. This could help others learn more about how to conduct successful research 
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programs. The team presented a good list for future work, and the reviewer encourages the team to start 
identifying solutions for how to maintain the dataset if that has not already been done. 

• The reviewer is grateful to see this work. It is so important to have correct data to make correct analyses, etc. 
The team’s work synthesizing the data and documenting sources is also much needed. Working with data 
providers to set reasonable expectations on what the data can provide (resolutions, coverage, etc.) is a gap 
hydro has had to deal with. The reviewer likes that the team worked with other PIs and shared/communicated 
about the project to get their feedback. The reviewer inquired how the team can you get the word out about the 
dataset so others use it (since it is accurate). It would be great to work with an association (like NHA) and have 
them use the data in a press release, for example. The presenter stated that success will be measured by the 
number of projects using this data. The reviewer inquired if there is any way to facilitate them using it through 
outreach via a direct mail campaign, industry conferences, publications, etc. The reviewer recommends again 
working with associations to help with this. Great job on this project. It was much needed.  

• The Hydropower Energy Storage Capacity Dataset project documents and analyzes water storage patterns 
at existing hydropower facilities and translates this information into energy storage. No project management 
plan was presented. A very general project timeline was provided, but the milestones shown do not match well 
with the four levels of map resolution presented in the approach. One go/no-go decision point was provided, 
but it was with regard to finalizing the scope of the dataset. Risks were not mentioned. The project’s expected 
outcomes will be useful and relevant and lead to meaningful short-term outcomes. The project team engaged 
stakeholders and end users in defining the expected outcomes for the dataset. End users were engaged in 
the data collection process when assembling the dataset. Dissemination is via three professional science 
conferences and an expected published report. No tech transfer plan is provided (or any overall strategy to 
get this information to the people who will use it), but the budget is modest, and there is no funding for much 
travel and dissemination. Regarding performance, the project team appears to have made good progress 
toward achieving its objectives with version one of the dataset published and version two due at the end of FY 
2022. The methods employed seem appropriate to meet the stated objectives. No Gantt chart (or similar) was 
provided for the project, so it was not possible to assess the schedule or challenges/delays. Several items were 
listed as future work, and they seem consistent with the goals of the project, though quite general in nature. 
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 HydroWIRES Topic B1: Enhancing the Representation of Conventional Hydropower Flexibility in
Production Cost Models 
NREL, PNNL 

WBS: 1.2.2.603 

Presenter(s): Greg Stark; Nathalie Voisin 

Project Start Date: 10/01/2019 

Planned Project End Date: 09/30/2021 

Project Description 
U.S. institutional context leads to complex water management in which several water uses take priority over 
hydropower operations. Due to water management complexity, data availability, and computational tractability, the 
representation of hydropower in production cost models in support of reliability studies is limited to a combination 
of fixed hourly schedules from past observations and a monthly representation. 

The team developed an approach for utilities to evaluate hydropower dispatch provided by reliability studies, 
quantify potential feasibility errors, and engage in a dialog between stakeholders to ensure power grid reliability. 
The team leveraged advances in large-scale hydrology modeling to enhance the current monthly representation to 
a weekly resolution with associated updates in the production cost model hydropower dispatch logic. The team also 
developed a proof-of-concept approach to translate complex hydraulic and market-driven hydropower operations 
into weekly hydro-economic surfaces to inform production cost model. Weekly hydropower datasets (generation 
and flexibility) spanning more than 20 years of water availability conditions were developed for more than 300 
hydropower plants across the western United States. Evaluation of those datasets at the power grid scale confirms 
prior sensitivity of grid operations to water availability conditions while the change from monthly to weekly reduces 
wind and solar curtailment, which is a significant outcome in the evolving power grid to understand the value of 
hydropower in integrating those resources. 
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Aggregated Reviewer Comments 
• The project objective responded well to WPTO’s and HydroWIRES’ mission. The objective and dataset will 

have a high value for the industry, and the aim to develop national-level data is particularly interesting. This 
also increases the complexity as it is necessary to include many parameters, and careful selection of each 
parameter is required to assess a plant’s investment needs and costs. Furthermore, it may be beneficial to 
align parameters in this dataset with others from the HydroWIRES initiative. The team has a very good focus 
on end-user engagement and dissemination. This is demonstrated by having already produced a substantial 
number of publications. The team presents a good approach, and the reviewer considers this to be a high-
performing project with good results and accomplishments. The presentation would benefit from increasing the 
focus on project management. This could help others learn more about how to conduct successful research 
programs. The team presented a good list for future work with an indicative timeline. The reviewer encourages 
the team to start identifying solutions for how to maintain the dataset if that has not already been done. 

• This is a much-needed research area focused on helping create more robust hydro datasets for use with 
reliability studies and realistic operations through water availability. Th team is including and evaluating 
market and regulatory impacts, which is great and much needed. It is great outreach to introduce datasets 
to commercial and open-source production cost model developers so what they have is more accurate and 
robust, and so is working with other interconnections. The reviewer is glad to see this research, which has been 
excellent to date, will continue. Great job. 

• The objective of this project was to enhance the representation of conventional hydropower flexibility in 
production cost models. A project approach and timeline were provided, but there was no management 
plan. Key milestones were provided, but there were no go/no-go decision points. The project approach 
was hard to decipher from the slide provided; a verbal explanation will be needed to clarify. The project’s 
expected outcomes will be useful and relevant and lead to meaningful short-term outcomes. However, 
focused dissemination and some training on how to use and interpret the datasets may be needed. End-
user engagement seems limited in this project. The project team has three disseminations in progress, and 
outreach and presentations to the water power industry are limited. There was no mention of a tech transfer 
plan per se, but the datasets produced have been connected with potential end users such as Energy 
Exemplar, Western Electricity Coordinating Council (WECC), Office of Electricity, and Office of Science. Regarding 
performance, the project is sunsetting and looks to have been completed on time and on budget. The project 
team implemented sound methodologies. Future work involves use of the datasets by appropriate (other) 
groups for whom it was intended (production cost model developers and users). 

133 VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES | Hydropower Program Evaluation 



Hydropower Program Evaluation | VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES 134    

HydroWIRES Topic D3: Forecasting 
PNNL, INL 

WBS: 1.2.2.604 

Presenter(s): Nathalie Voisin; Thomas Mosier 

Project Start Date: 10/01/2019 

Planned Project End Date: 09/20/2020 

Project Description 
Flow forecasts are used around the world to inform reservoir operations. A common practice for valuing climate 
service is to evaluate hydrometeorological forecasts according to their accuracy and quantification of uncertainty. 
For reservoir operations, a common practice is to evaluate how objectives are met and if, how much, and how often 
constraints are violated. While the needs for hydropower flexibility increases for the power grid, operations are 
perceived as constrained due to complex water management where many water uses take priority over hydropower. 
Another challenge is that storage is recognized as a value to the power grid but is not monetized because its value 
has not been quantified. 

This project evaluated the sensitivity of bulk power system operations to flow forecast accuracy with the overarching 
objective to demonstrate the value of flow forecast beyond plant-scale revenues. With the western coastal 
interconnect as a case study, the team propagated medium-range flow forecasts onto hydropower generation 
forecasts all the way through bulk electric grid operations. The developed hydropower scheduling workflow allows 
quantifying the value of flow forecast for both independent producers and for integrated utilities and system 
operators, ultimately representing customers’ wallets. A number of technical assistance projects have resulted 
from the project focused on pricing flow forecasts and supporting innovative scheduling for additional grid services. 
The workflow also informs new modeling approaches in academia to understand complex dependencies during 
compounded extreme events such as drought and heat waves. 
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Aggregated Reviewer Comments 
• The project objective is highly relevant to WPTO’s and HydroWIRES’ mission. The objective and dataset will have 

a high value for the industry since it will provide a foundation that allows improved modeling of hydropower 
and hydrology. It is impressive that the team included forecasting for 85 locations. This also increases the 
complexity as it is necessary to include many parameters, and careful selection of each parameter is required 
to assess a plant’s investment needs and costs. Furthermore, it may be beneficial to align parameters in this 
dataset with others from the HydroWIRES initiative. The team has a very good focus on end-user engagement 
and dissemination. It is good to observe a list of measurable outputs. The team also presented a good timeline 
that show workstreams with decision gates. The team presented a good approach, and the reviewer considers 
this a good-performing project. It is good to observe that they decided to not go for some of the activities 
following the decision review meetings. The reviewer considers this a very good use of the intention of the 
project management plan and decision gates. The presentation would benefit from increasing the focus on 
project management. This could help others learn more about how to conduct successful research programs. 
The team presented a good list for future work with a timeline. The reviewer encourages the team to start 
identifying solutions for how to maintain the dataset if that has not already been done. 

• This research project of quantifying non-monetized hydropower services is much needed and important to the 
industry. The presentation was well thought out and clear on the team’s intentions. It is great that the team will 
be taking their findings and results and communicating them to software developers so they are aware of the 
current shortfalls. The team has an impressive industry committee; nice job. That the findings and research 
have the ability to reduce regional system costs by 10% is impressive in the Pacific Northwest. It really gives 
the research more credibility. The reviewer suggests including industry conferences, such as Clean Currents, 
in outreach. The reason being that this conference has technical, commercial, and C-suite decision makers 
attend, and it would be good for them to hear these accomplishments. The reviewer is glad this research will 
continue and looks forward to seeing the results.  

• The purpose of this project was to investigate the value of flow forecasts to the power system. The presentation 
did an adequate job of justifying the changes to the project in dropping these forecast methods. A project 
approach and timeline were provided, but there was no management plan. Key milestones were provided on 
the timeline. Two of the original forecast tasks were not undertaken due to budget and timeline restrictions. 
The project’s expected outcomes will be useful and relevant and lead to meaningful short-term outcomes. 
The project involved adequate stakeholder engagement, including the U.S. Bureau of Reclamation, Brookfield 
Renewables, Tennessee Valley Authority, and Ontario Power Generation. There were several project meetings 
with stakeholders, and four presentations at industry meetings. The team is transferring outcomes via an SBIR 
project and a Centre for Energy Advancement through Technological Innovation Hydropower Operations and 
Planning Program flow forecast optimization project, and with WPTO. However, the plan for tech transfer is not 
clear. Regarding performance, the project produced some of the results initially intended but had to drop two 
important forecast methods: synthetic and physics based. The project team implemented sound methodologies 
and appeared to have a good approach. Some of the project objectives were met but not all. It appears the 
time required to complete the tasks was more than expected and beyond the modest budget of this project. 
The publication that was attached showed some useful results. Future work will be in a follow-on phase two 
project. 

135 VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES | Hydropower Program Evaluation 



Hydropower Program Evaluation | VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES 136    

Scope Improvements to Power Flow and Stability Models 
PNNL 

WBS: 1.2.2.605 

Presenter(s): Slaven Kincic 

Project Start Date: 09/01/2020 

Planned Project End Date: 06/30/2021 

Project Description 
The project identifies hydropower misrepresentation in models used in power system operational and planning 
studies. Operational and planning system studies are a keystone of system reliability and decision making 
for system operation as well as for capital investments in electrical infrastructure. Hydro-based generation 
representation in the software and models used for operation and planning studies accounts for nominal water 
availability only, which leads to inaccurate results depending on water conditions in watersheds. Moreover, 
environmental constraints—such as maximum and minimum headwater elevation, minimum instantaneous flows, 
interdependencies among hydro plants, and others—are not represented in power system models. Identification 
and elimination of modeling gaps in hydropower plants can lead to more accurate evaluations of the contribution of 
hydropower to the resilience and reliability of the rapidly evolving power system. 

During this project, the team heavily relied on interaction with the industry. The outcomes of this project are 
currently being leveraged to improve hydropower representation in the models used by WECC and its members for 
their reliability studies. In the long term, improving hydropower modeling will lead to more accurate power system 
studies and consequently help improve resiliency and reliability of power systems and emphasize the role of hydro 
in integrating other renewable resources. 



WATER POWER TECHNOLOGIES OFFICE’S 2022 PROJECT PEER REVIEW

     

 

 

 

Aggregated Reviewer Comments 
• The reviewer considers the project objectives to be highly relevant for WPTO since they focus on improving 

modeling of hydropower in the power system. The project outcomes and outputs support the project objectives 
and demonstrate accomplishments. The team presented a well-defined approach that demonstrates how they 
achieved their good results. This is supported by an excellent engagement strategy. The reviewer found the 
slides on industry feedback to be very interesting in terms of identifying the current status of and the need to 
improve modeling. It will be very interesting to observe what will be done in the extension of this project. The 
reviewer believes it will bring high value to the power system in the United States. The reviewer thinks this 
project could benefit from knowledge sharing and potential collaboration with Norway. The reviewer considers 
this to be a high-performing project and thinks the presentation could benefit from an increased focus on 
project management. The team elaborated on potential future work beyond the scope of this project, and it is 
great to observe that this project will be extended. 

• This is a great research project. Hydro can really benefit from this project. The reviewer strongly agrees that 
most models are not robust enough for hydro. GE did outreach via webinars to stakeholders making decisions 
by way of models. They realized very few stakeholders actually understood the ability of the equipment because 
the models were developed using old technology (that is 25 to 50 years and older). The reviewer advises 
being sure to include the original equipment manufacturers in discussions. Working closely with the program 
vendors is also a great idea and would be a great way to get the word out to the industry. (They send out model 
improvements to their customers.) There are also several global experts on modeling the team should include 
in discussions. The teams of people the project team works with on this will be really important to the success 
of the project. The reviewer is glad this study is continuing. It is much needed.  

• The project team investigated, evaluated, and prioritized modeling gaps of hydro generation representation 
in electrical models (power flow and dynamic models) that are used in power system operation and planning 
studies. This was a straightforward project, and the information presented provided sufficient information 
about the project management, timeline, and milestones. The project’s expected outcomes will be useful 
and relevant and lead to meaningful short-term outcomes. This project involved substantial stakeholder and 
end-user engagement, including input from communities at appropriate points in the project life cycle. A tech 
transfer plan was not part of this project, but the outcome did lead to an important and relevant follow-on 
project. Regarding performance, the project team appears to have made significant progress toward achieving 
its objectives, and several accomplishments were mentioned. Insufficient details were provided to assess 
the soundness of the R&D methodologies, though the information that was provided suggests they may be 
sound. No Gantt chart (or similar) was provided for the project, so it was not possible to assess the schedule 
or challenges/delays. Several items were listed as future work, and they seem consistent with the goals of the 
project. 
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Life Cycle Assessment of Storage Technologies 
NREL 

WBS: 1.2.3.405 

Presenter(s): Danny Inman; Greg Stark 

Project Start Date: 09/15/2020 

Planned Project End Date: 09/30/2022 

Project Description 
PSH is expected to be part of this solution to achieve U.S. clean energy targets because of its ability to provide grid 
flexibility and stability and enable the dispatching of variable renewable energy technologies. Despite PSH being a 
mature technology with a history of deployment dating back several decades, there is very little information on the 
greenhouse gas (GHG) implications of PSH as compared to other storage technologies. 

The objective of this project is to perform a full life-cycle assessment of new PSH projects in the United States. 
This life-cycle assessment includes all project phases (resource extraction, construction, operation, maintenance, 
and end of life). Data used in this study are based on more than 30 potential PSH projects that are in preliminary 
planning phases and represent a wide range of potential closed-loop PSH systems in terms of location, technology, 
and capacity. The GHGs and energy return on investment from PSH will be compared to other storage technologies 
(e.g., stationary battery storage). Results from this project will improve the PSH community’s and decision makers’ 
understandings of the environmental impacts and sustainability of new PSH projects and how PSH compares to 
other storage technologies. The analysis framework (source code and data) will be made publicly available at the 
end of the project. In addition to reporting results for the base case, the team will perform a rigorous sensitivity 
analysis to identify the major drivers and understand the impacts of different configurations and future energy 
markets. 
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Aggregated Reviewer Comments 
• The project is sunsetting and presents as a success. The reviewer considers the project objectives to be highly 

relevant for WPTO since they perform a full life-cycle assessment of new PSH. The reviewer thinks the fact that 
they include all project phases supports the objectives, and intended outcomes respond very well to WPTO’s 
and HydroWIRES’ mission. The reviewer thinks the results of this project will highly benefit the discussion 
on storage technology and will help guide decision making. The team presented a well-defined approach 
that demonstrates how they have achieved their good results. This is supported by an excellent engagement 
strategy with a technical review committee that comprised nine representatives from industry, government, 
and academia. Furthermore, the team presents an excellent dissemination plan, and it is good that the data 
and software will be made publicly available with guidance on how to use the tool. This work is also part of 
cross-DOE efforts, such as the Energy Storage Grand Challenge, that the team will use to disseminate this 
information and consider more comprehensive, multi-technology, life-cycle assessment studies. 

• The reviewer liked the topic of this study. This is relevant and interesting research. The reviewer inquired why 
the team only looked at closed loop. The reviewer’s concern is only a couple of these projects have done in-
depth designs. Because of this, there could be significant changes after more engineering design work is done 
(such as doubling the size of the project). The reviewer is not sure how that could impact these findings. The 
reviewer realizes the majority of proposed U.S. PSH projects are closed loop, but many of the investor-owned 
utilities are now looking at open loop (due to the use of existing infrastructure originally built into the plants). 
The likelihood of an investor-owned utility being first to build a new PSH is strong. It was unclear to the reviewer 
if this will impact the conclusions. The reviewer inquired if the team considered including newly built PSH in 
Europe in this research and if that information would be relevant to the study. The outreach was great and 
impressive. The reviewer would have liked to see proposed next steps to continue the research. 

• The project objective was to perform a full life-cycle assessment for GHGs and energy return on investment 
of new PSH projects in the United States. A project management plan was not provided, but the scope of 
the project was small and straightforward. There were no well-defined milestones, go/no-go decision points, 
or risks addressed. The project’s expected outcomes will be useful and relevant and lead to meaningful 
short-term outcomes. There was significant stakeholder and end-user engagement with industry and the 
International Forum on PSH. A technical review committee was formed and provided substantial input from 
relevant stakeholders. There is a tech transfer plan, though it is not articulated in any detail. Regarding 
performance, the project was completed on budget and appears to have been completed on time. Sound 
methodologies were employed to perform the life-cycle assessment. 
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HydroWIRES Topic C: Quantifying Reliability/Resilience 
PNNL, Argonne, INL 

WBS: 1.2.3.601 

Presenter(s): Abhishek Somani 

Project Start Date: 10/01/2019 

Planned Project End Date: 09/30/2020 

Project Description 
Hydropower facilities are often crucial in responding to extreme grid events due to their agility and flexibility. They 
can quickly change both their real and reactive power outputs to provide voltage support, inertial response, primary 
frequency response, and operating reserves. However, no standard practices exist to quantify the contributions of 
hydropower resources, especially for non-market and non-monetized grid services. This project was designed to 
identify tools, methods, models, and datasets to quantify hydropower’s contributions to grid resilience. 

The key outcomes of this project include a framework to quantify hydropower’s contribution to grid resiliency in 
the Western Interconnection and application for the current generation mix. Models and tools used in this study 
are accessible to the hydropower community to support decision making for future operations. The longer-term 
outcome includes an improved understanding and quantification of hydropower’s value to the power system and 
overall improved grid security made possible by utilizing hydropower’s flexibility. 

Aggregated Reviewer Comments 
• The project objectives contribute to WPTO’s and HydroWIRES’ mission through quantifying benefits and value 

of hydropower for the system. The project outcomes and outputs support the project objectives. It is a very 
interesting outcome that the project team identified that hydropower constitutes 20% to 25% of capacity but 
contributes 30% to 60% of frequency response. Hydropower is also the largest contributor of voltage support. 
It is also good to observe that they obtain similar results in the simulations as in real-time data. They have 
presented a well-defined approach with a solid logic that demonstrates how they have achieved their good 
results. This is supported by an excellent engagement strategy. The reviewer considers this to be a high-
performing project and thinks the presentation could benefit from an increased focus on project management. 
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This is of high value for others to learn and better understand how to execute a successful research program. 
They have not presented recommendations for future work, and it could be because they are not required to 
since the project is completed. However, the reviewer recommends the team do this as it will provide guidance 
for stakeholders and others who consider further developing the models. Please note that this comment is not 
considered in the scoring. 

• The reviewer gave the project a perfect score. This is great work and a great research topic: extreme events and 
how hydro responds. This needs to be more recognized. The reviewer really liked the outreach to policymakers. 
The reviewer thinks that this was the only PI to do that. The reviewer likes the facts on hydro’s contribution 
to ancillaries and hopes the team looks at other ancillaries as well for their contributions to the study. The 
reviewer is glad to see the project is continuing and looks forward to seeing the results. 

• This project was designed to identify tools, methods, models, and datasets to quantify hydropower’s 
contributions to grid resilience. A project approach and timeline were provided, but there was no management 
plan. Key milestones were provided, but there were no go/no-go decision points. The project’s expected 
outcomes will be useful and relevant and lead to meaningful short-term outcomes. Regarding end-user 
engagement and dissemination, the project involved a great deal of stakeholder engagement, including with 
the California Independent System Operator (CAISO), WECC, NERC, and USACE. The project team made several 
disseminations both to the water power industry and directly to some stakeholders. A paper produced from the 
project received the best paper award at Resilience Week 2020. There was no mention of a tech transfer plan, 
but the outcome has led to a follow-on project. Regarding performance, the project was completed on time and 
on budget. The project team implemented sound methodologies. Future work involves analyzing future extreme 
events and the role of hydropower in supporting grid resilience. 

141 VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES | Hydropower Program Evaluation 



Hydropower Program Evaluation | VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES 142    

 
 

 
 

 

HydroWIRES Topic D2: Transmission/Storage Equivalence 
PNNL, Argonne 

WBS: 1.2.3.602 

Presenter(s): Jeremy Twitchell; Zhi Zhou 

Project Start Date: 10/01/2019 

Planned Project End Date: 09/30/2021 

Project Description 
In 2017, FERC issued a policy statement that would allow PSH and other energy storage assets to provide both 

regulated transmission and competitive market functions, but regional market operators have struggled to implement 
enabling regulations. This project seeks to objectively inform regulatory proceedings on dual-use energy storage by 

developing a participation framework for dual-use storage assets and quantifying their potential value to the grid. 

The outcome of this project is to identify the regulatory and operational challenges that impede the usage of 
storage for regulated transmission and competitive market function, potential solutions to those challenges, and 
the value of dual-use storage assets on the grid. The project team will achieve those outcomes through open-source 
models and publications: Transmission/Storage Equivalence Model (open-source models and journal publication), 
Participation Framework (open-source models and technical report), and Dual-use PSH Valuation (technical report). 

Aggregated Reviewer Comments 
• The project objectives contribute to WPTO’s and HydroWIRES’ mission through identifying regulatory and 

operational challenges that impede the use of storage for regulated transmission and competitive market 
function. The team presented a well-defined approach with a solid logic that demonstrates how they have 
achieved their good results. This is supported by an excellent engagement strategy. The reviewer considers this 
to be a high-performing project and thinks the presentation could benefit from an increased focus on project 
management. This is of high value for others to learn and better understand how to execute a successful 
research program. It is also good to note that this project received additional funding to extend and increase 
the scope of this study. 
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• This is a great topic. The project has achieved great results so far in a topic that has been discussed for years 
with no success. Please do not forget to include original equipment manufacturers in outreach. Design can 
be done differently, if needed, to optimize the dual-use scenario. Since this is such an important topic to the 
industry, the reviewer inquired where else the team could take this project if given additional funding. The 
reviewer would have liked to have seen more in-depth next steps. Otherwise, great job. 

• FERC now allows PSH and other energy storage assets to provide both regulated transmission and competitive 
market functions. This project seeks to objectively inform regulatory proceedings on dual-use energy storage 
by developing a participation framework for dual-use storage assets and quantifying their potential value to 
the grid. No project management plan was presented, but a project approach and timeline were presented. 
The project’s expected outcomes will be useful and relevant and lead to meaningful short-term outcomes. 
Regarding end-user engagement and dissemination, the project team had significant engagement with grid 
operators, regulators, industry, developers, and other stakeholders. A modeling advisory group involved 
relevant stakeholders. The project outcomes have been disseminated at workshops for state regulators, at 
industry conferences, and via publication. There is no tech transfer plan per se, but the work led to a follow-
up project. Regarding performance, the project team completed the project on time and under budget, so 
they added a few additional tasks. The results presented, combined with the approach, suggest sound R&D 
methods were applied. The timeline showed some key milestones, which appear to have been achieved. Future 
work was described in the context of a follow-on project. 
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Idaho Power ROR Hydropower and Battery Modeling 
PNNL 

WBS: 1.2.3.604 

Presenter(s): Feng Pan 

Project Start Date: 09/01/2020 

Planned Project End Date: 09/30/2022 

Project Description 
The project’s objective is to assess the benefits of hybrid RoR hydroelectric generators and battery storage resources 

from a large power operator’s, such as a vertically integrated utility or a system operator, perspective. Hybridization 
of resources can potentially provide dispatchable electricity and flexibility required to reach clean energy goals. 
All generating resources need to be accurately represented in power system operation to satisfy a list of physical, 
engineering, regulatory, and environment conditions unique to individual power operators. Energy storage and RoR 

hybrids have operating constraints different from conventional resources, making them more difficult to model 
in an optimization process. As a result, generic and simplified representations are generally used to solve for the 

commitment and dispatch for energy storage hybrids, which may lead to sub-optimal outcomes. 

PNNL, working with Idaho Power Company, will develop an accurate hydro-generation and RoR and battery storage 

hybrid resource representation model to represent the new combination of resources in day-ahead planning. Models 

for siting and sizing energy storage for RoR will be developed to assess the benefit of RoR and energy storage hybrids. 
In this project, the proposed High-Performance Power-Grid Optimization–Hybrid System model will be developed to 

satisfy required modeling and operation constraints at a large utility scale to ensure the transition of the developed 

solution to industry. 
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Aggregated Reviewer Comments 
• The project objectives are a great contribution to WPTO’s and HydroWIRES’ mission. It seeks to enhance the 

performance of RoR plants through investigating the benefits of operating RoR and battery storage as a hybrid 
generation source. They have a well-presented approach that supports the objectives and outcomes. The 
reviewer thinks they have a good focus on system evaluation of the benefits as well as on identifying necessary 
measures to be done at the plant level. The commercialization potential is large considering the number of 
RoRs around the globe and the apparent need to enhance their performance to better support the grid. This 
could greatly contribute to flexibility and reliability in the long term. They have engaged well with their selected 
partner with a good focus on technology transfer. This project could potentially have a good impact globally, 
and the reviewer encourages the team to evaluate how they could expand intended end-user groups and 
disseminate broadly. The reviewer considers this to be a good-performing project and thinks the presentation 
could benefit from an increased focus on project management. This is of high value for others to learn and 
better understand how to execute similar programs. This project may also benefit from sharing knowledge and 
potentially collaborating with X-FLEX in Europe and Vattenfall in Sweden, which both conduct similar research. 

• This is a nice research project with a relevant and clear strategy. It has a strong project partner in working with 
Idaho Power. It was unclear to the reviewer whether it would have helped to work with other utilities in addition 
to Idaho Power to improve the tool or the increase the relevancy. The reviewer also inquired how the project 
team intends to communicate and rollout findings and benefits of the tool to the industry. Otherwise, great work 
and nice job. 

• This project will support vertically integrated utilities to reach their clean energy goal by investigating the 
benefits of operating RoR and battery storage as a hybrid generation resource. No project management plan 
was presented, but the project approach was described with a project timeline and milestones. No go/no-go 
decision points have been identified, but the project plan seems reasonable and appropriate. The project’s 
expected outcomes will be useful and relevant and lead to meaningful short-term outcomes, especially for 
Idaho Power Company. Regarding end-user engagement and dissemination, the project team has engaged and 
contracted with their primary end-user, Idaho Power Company. A potential weakness of the project is the lack of 
a dissemination plan for communicating results to the broader water power community. However, given the very 
small budget for this project, there are no resources for travel and dissemination. There is a no tech transfer 
plan other than adoption of the High-Performance Power-Grid Optimization–Hybrid System model by Idaho 
Power Company. Regarding performance, the project PI has made significant progress toward achieving the 
objectives. The methodologies employed to solve this problem are appropriate and sound. Accomplishments for 
the project appear to be tracking with the timeline, though it is difficult to tell from the information presented. 
Several items were listed as future work, and they seem consistent with the milestones listed for the project. 
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PSH Portfolio Evaluation and Innovation Study 
Argonne 

WBS: 1.2.4.004 

Presenter(s): Vladimir Koritarov 

Project Start Date: 09/01/2020 

Planned Project End Date: 09/30/2021 

Project Description 
While PSH has been around for many years, the technology is still evolving. A significant amount of research is 

currently being conducted to develop new PSH designs and technologies that may have the potential to accelerate the 
development of new PSH projects. 

The objective of this study was to provide a comprehensive review of the current state of PSH technology, the latest 
trends in PSH plant design and configurations, and an objective assessment of proposed new PSH concepts and 

technology innovations. The study provides a detailed review of 12 innovative PSH concepts and technologies, using 

a set of predefined evaluation criteria. The study also discusses potential ways to add PSH capabilities to existing 

hydropower plants, and innovative excavation and dam construction methods that could accelerate the construction of 
new PSH projects. The study supports the development and deployment of innovative PSH technologies by identifying 
and benchmarking the most promising new technologies that may be able to significantly reduce the cost, time, and 

risk for the development of new PSH projects. The key findings of the study are published in a HydroWIRES technical 
report and presented at industry conferences and other events. 

Aggregated Reviewer Comments 
• The reviewer considers the project objectives to be highly relevant for WPTO since they aim to provide a 

comprehensive view of the current state of PSH technology, latest developments in design, and an objective 
assessment of concepts and innovations. The reviewer thinks they correctly address many of the relevant 
topics and use good evaluation criteria and metrics. This leads to a highly interesting evaluation of LCOE that 
can inform a broad range of stakeholders and enable informed decision making. The project outcomes and 



WATER POWER TECHNOLOGIES OFFICE’S 2022 PROJECT PEER REVIEW

     

 

 

outputs support the project objectives and demonstrate accomplishments. They provided more information on 
the risk assessment that is part of the project objectives when presenting. They shared they identified financial 
risk as the main one and only found limited technology risk. They presented a good plan for engagement and 
dissemination with a solid focus on technology development. The results and accomplishments demonstrate 
excellent performance. However, the presentation could benefit from an increased focus on project 
management. It is of interest for others to better understand how to manage this type of project. It is great to 
note that WPTO is actively developing new projects based on this one. 

• This project was very interesting. Some of the levelized costs of storage are amazing with the various PSH 
technologies. The reviewer recommends in the future also taking into account technical risk. These same 
developers also reach out to the original equipment manufacturers and, as a result, perform deep technical 
dives. In this way, the team could also include this category. The presenter said that a targeted audience is 
lending and financial organizations. The reviewer agrees but wonders how the team intends to get the word 
out to these organizations. NHA does occasionally have finance summits, which could help. Bottom line, this 
project did a nice job and was very interesting.  

• The objective of this project was to provide a comprehensive view of the current state of PSH technology, the 
latest trends in plant design and configurations, and an objective assessment of proposed new PSH concepts 
and technology innovations. A project approach and timeline with a few words about a management plan were 
provided. Key milestones and a go/no-go decision point were provided. The project’s expected outcomes will 
be useful and relevant and lead to meaningful short-term outcomes. Regarding end-user engagement and 
dissemination, the project involved a great deal of stakeholder engagement, including an external panel of 
reviewers. The project team made several disseminations to the water power industry and published a final 
report. There was mention of a tech transfer plan to help PSH innovators in advancing their technologies. 
Regarding performance, the project was completed on time and on budget. The project team implemented 
sound methodologies. Future work mentioned assisting companies in commercialization. 
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Integrated Hydropower and Energy Storage: Providing Essential Reliability and Ancillary
Services Using Individual or Coordinated Hydropower Plants 
INL, NREL 

WBS: 1.2.4.101 

Presenter(s): Vahan Gevorgian; Thomas Mosier 

Project Start Date: 10/01/2018 

Planned Project End Date: 09/30/2021 

Project Description 
This project evaluated the feasibility and benefits of integrating hydropower plants and energy storage devices 

to enhance market participation and enable grid islanding. The approach is agnostic to the type and number of 
energy storage devices and hydropower generation assets used. The project team worked with Idaho Falls Power to 

demonstrate black start using their RoR hydropower plants and ultracapacitor energy storage system and developed a 
tool to recommend battery sizing for enhancing market participation in CAISO. 

Intended outcomes included increasing competitiveness of hydropower plants as electricity markets evolve to favor 
higher amounts of flexibility. The status quo is that hydropower plant owners feel a high degree of uncertainty about 
the value proposition of hybridization. This work helps them take the first step. Another outcome was to enable small 
hydropower plants to provide black start and grid islanding capabilities to local critical loads. The status quo is that 
diesel generators are typically used for initial black start and then small hydropower plants are brought online. This 
approach enables black start without diesel generators. 

Aggregated Reviewer Comments 
• The reviewer considers this project to be highly relevant as the potential of small hydropower and how it can 

potentially contribute to flexible, reliable, and stable grids should not be underestimated. In addition to these 
advantages, they have a short construction time and low environmental impact, are easy to design, and can 
melt into the landscape. The downside is high LCOE such that it may be challenging to identify economically 
viable sites, but there is good potential to develop and construct in bundles. They present a good approach with 
a focus on both market participation and black start with ultracapacitor support. The reviewer considers this 
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to be a high-performing project with good results and accomplishments, and the presentation would benefit 
from increasing focus on project management. This could enable others to learn more on how to conduct 
successful research programs. One interesting finding from small hydro in Norway is that governor parameters 
are not adjusted for a site and are set to “standard manufacturing values.” This is okay with a few in the same 
grid area but could potentially cause big problems when there are too many of them. Statnett, the Norwegian 
transmission system operator, tested this on a full scale on an islanded grid. These findings support the 
relevance of this research project.  

• This is a very interesting project. The interviews by Energy I-Corps of 75 people across the industry provided 
great feedback. The project certainly met the intent of the HydroWIRES Program. There were also great 
research topics covering black start and valuation of hybridization. The future work in making the model more 
robust, such as taking into account location and specific plant criteria, will make the tool even more valuable. 
The reviewer liked that the team demonstrated black start capability first in the lab and then at a real plant. 
There was a great rollout and communication plan. This project was really impressive and had great results 
that will be a great tool for the industry.        

• This project evaluated the feasibility and benefits of integrating hydropower plants and energy storage 
devices to enhance market participation and enable grid islanding. There were two main outcomes: the team 
conducted a field demonstration with Idaho Falls Power to demonstrate black start using their RoR hydropower 
plants and ultracapacitor energy storage system and developed a tool to recommend battery sizing for 
enhancing market participation in CAISO. A project approach and timeline were provided, but there was no 
management plan. Key milestones were provided, but there were no go/no-go decision points. The project’s 
expected outcomes will be useful and relevant and lead to meaningful short-term outcomes. Regarding end-
user engagement and dissemination, the project involved a great deal of stakeholder engagement, including 
CAISO, WECC, NERC, and USACE end users via 75 interviews (conducted by Energy I-Corps) and through 
engagement with the project partner, Idaho Falls Power. The project team made several disseminations, 
primarily via the Institute of Electrical and Electronics Engineers (IEEE) or lab or journal publications. More 
dissemination directly to the water power industry would have been beneficial. There was no mention of a tech 
transfer plan, but the models developed were posted on GitHub and provided to Idaho Falls Power. Regarding 
performance, the project was completed on time and on budget. The project team implemented sound 
methodologies and produced outcomes that, due to their complexity, would have been very difficult for a utility 
to do. No future work was mentioned since the project is complete. 

149 VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES | Hydropower Program Evaluation 



Hydropower Program Evaluation | VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES 150    

 
 

 
 

 
 

 
 

 
 

 
 

 

 

FAST Commissioning Prize for Pumped Storage Hydropower 
NREL, WPTO 

WBS: 1.2.4.403 

Presenter(s): Corey Vezina; Tessa Greco 

Project Start Date: 10/01/2018 

Planned Project End Date: 12/31/2019 

Project Description 
The Furthering Advancements to Shorten Time (FAST) Commissioning for PSH Prize aimed to reduce the time, cost, 
and risk required to commission PSH projects by crowdsourcing ideas via a three-stage prize. This prize was WPTO’s 

first hydropower prize and, as a result, was viewed as a pilot application of the prize model for the hydropower 
program. By explicitly seeking concept solutions for cost, time, and risk reduction for PSH facilities, the FAST Prize 
directly addressed stated intermediate and long-term outcomes noted in the “untapped potential for hydro and 

pumped storage to support a rapidly evolving grid” challenge. 

A three-stage prize (concept, incubate, and pitch) encouraged broad participation from a range of stakeholders and 

contributors not already engaged in hydropower and PSH. Prizes are an excellent way to leverage funding and historical 
expertise to procure innovative and entrepreneurial solutions to energy issues. The FAST Prize introduced innovative 
solutions to drive down costs, timelines, and risks of PSH by engaging a nationwide problem-solving community. 

PSH is a largely untapped resource that can be used to balance variable renewable energy generation sources. By 
initiating this important topic via a prize mechanism, WPTO sought to identify solutions for bolstering a more reliable 
and resilient grid. 

Aggregated Reviewer Comments 
• The results of this research program speak for themselves, and the reviewer rates it as a great success as 

reflected by the scoring. The reviewer also appreciates the innovative approach that encourages creativity 
to identify solutions for PSH. The reviewer also thinks it is very good the solutions presented by three of four 
winners are also applicable for conventional hydropower plants. The presentation focuses on accomplishments 
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and results, and the reviewer encourages the team to present more information on project management in the 
future. When presenting, they informed more about their different approaches and how they established good 
collaboration between the labs through good organization and clear assignment of responsibilities. It was also 
interesting to learn that they had adopted several different models in the past and that they consider it more 
successful with this three-stage approach with down selection ending with a pitch contest. The reviewer also 
appreciates the focus on selecting commercially viable solutions. In summary, the project demonstrates good 
adherence to strategy and excellent performance. 

• There is a clear connection to the program mission and objectives. The multi-part engagement strategy is well 
explained and detailed. The scientific merit of the winners is unclear based on the presentation and written 
materials. 

• The reviewer was a judge for this prize so was involved from start to finish. The reviewer thought it was a great, 
really creative concept, and several applicants displayed very innovative approaches. Involving the labs to 
expand their research was a fantastic idea. The process was well managed and soliciting judges’ feedback in 
the middle of the process was a great idea so that course corrections could be made. Great job. The reviewer 
hopes to see more of these in the future. 

• The team had strong messaging around objectives (e.g., reducing commission time, cost, and risk) for PSH 
projects. The reviewer appreciated the fact they leveraged learning and achievements and adopted several 
models, specifically in the water prize program. Working with national labs seemed to add significant benefit to 
the program and the tech’s journey to commercialization. For this prize, they have done a better job of matching 
objectives to outcomes. This prize program is a robust model for prize administration and the coordination 
between the labs is laudatory. This model seems adaptable to other prize programs. It is a best practice to have 
teams supply technical reports. The external engagement strategy incorporated the successful use of networks. 
The reviewer appreciates the investment this prize program made in voucher support ($400,000). The reviewer 
believes that this adds so much value to the prize program and to those that win the support. It is good to have 
this untethered investment in the winners. 

• This project seems to be ongoing. It is difficult to judge how successful the prize will be at this point. 

• The FAST Commissioning for PSH Prize aimed to reduce the time, cost, and risk required to commission PSH 
projects by crowdsourcing ideas via a three-stage prize. This topic is directly related to the WPTO’s mission. 
Though not mentioned in detail, due to its successful completion as the first prize competition, the project 
appeared to have a good management plan. A timeline and approach were presented with defined milestones. 
Go/no-go decision points were not mentioned. The project’s expected outputs of injecting innovation into a 
well-established industry were met. The project’s outcomes of establishing a prize methodology is a useful 
short-term outcome. Whether or not the prizes themselves will yield useful short-term outcomes remains to 
be seen. Regarding end-user engagement and dissemination, a technical review committee was engaged, a 
strategic outreach and promotion network was created, and the prize was advertised. The prize team engaged 
with the water power industry and attempted to reach a wide audience of potential applicants. A report and 
an executive summary on a baseline analysis for PSH as well as the identification of opportunities to focus on 
the sought-after innovation areas was provided. To assist in commercialization, $400,000 of in-kind voucher 
support was included with the prizes. Regarding performance, the prize competition produced some innovative 
ideas, and it appears the team putting the prize competition together gave appropriate incentives to the 
competitors and the prize recipients used sound methods in conceiving of their innovations. This was the first 
rendition of a prize, and therefore the team had to create all the processes and materials needed. It looks like 
they did a good job. 
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Hydropower Plant Controller Prototyping Using Remote Hardware in the Loop 
NREL 

WBS: 1.2.4.404 

Presenter(s): Mayank Panwar 

Project Start Date: 10/01/2020 

Planned Project End Date: 09/30/2021 

Project Description 
Real-time prototyping of hydropower plant controls is important for reducing the cost and risk of field deployment. This 

project will collect design and operational data from actual hydro plants and use a physics-informed machine learning 

approach for real-time emulation of hydropower plants, including hydro turbine and hydrodynamics. The data-driven 

models will be interfaced with digital, real-time simulation at NREL’s Flatirons campus for hardware-in-the-loop testing 

of the governor hardware device or controller-hardware in the loop. The proposed approach will also establish the 

connectivity-based remote controller-hardware in the loop testing capability using real-time data streams from an 

actual hydro plant. This integrated hydro-plant emulation with controller-hardware in the loop will be used to prototype 

hydro-governor controls and eventually provide an opportunity to test hydropower integrated with various technologies 

(conventional and renewable generation, energy conversion, etc.) as hardware in the loop. 

Aggregated Reviewer Comments 
• The project is complete and presents as a success. The reviewer considers the project objectives to be highly 

relevant for WPTO since they focus on real-time prototyping of hydropower plant controls. The project outcomes 
and outputs support the project objectives through streaming data and testing in the lab. They present an 
excellent approach with physics-informed machine learning, and it is particularly good to note that they include 
turbine and penstock dynamics. This demonstrates that they have engaged and involved stakeholders, and 
they have published results in highly relevant forums. The reviewer considers this to be a high-performing 
project, and the presentation would benefit from increasing focus on project management. This could enable 
others to learn more about how to conduct successful research programs. When presenting, the team 
elaborated more on potential future work beyond the scope of this project. It is great to learn that they will 
transform this from a seedling project to a larger R&D project. 
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• The team did a good job on their project. The results were amazing, and the team had a good partner with 
Cordova. The team did a lot with a small budget, so good job with that. The presenter stated the design 
modification and prototyping of hydro controls can be costly and introduces unnecessary risk during field 
deployment and commissioning. The reviewer would have liked to see a quantification/identification of these 
risks. Congratulations on the results/research being used for the HydroWIRES Hydro Emulation project at 
NREL. Again, great work. 

• This project’s goals were to use a data-driven approach for hydropower plant controller prototyping using 
remote hardware in the loop. A project approach and timeline were provided, but there was no management 
plan. Key milestones were provided, but there were no go/no-go decision points. The project’s expected 
outcomes will be useful and relevant and lead to meaningful short-term outcomes. One aspect of the project 
summary and outcomes that would be useful to address is why this is important. It seems inherently useful 
to develop controls for a hydropower plant and test remotely with hardware in the loop prior to implementing, 
but it was unclear to the reviewer why this is an improvement over the traditional method. Regarding end-user 
engagement and dissemination, the project involved a stakeholder engagement in a few ways: by partnering 
with Cordova Electric Coop, through an industry advisory board, and via engagement with the University of 
South-Eastern Norway. The project has made two disseminations, but no high-visibility publications or reports 
at the project end were mentioned. (These would be useful.) However, the budget for this project is small and 
does not include sufficient funds for conference travel or journal publication. There was no mention of a tech 
transfer plan. Regarding performance, good progress is being made on the project, but it does seem to be 
running behind schedule. The project team has implemented sound methodologies that are state of the art. 
Future work was mentioned in the next steps and future work slides but without specifying key milestones and 
go/no-go decision points. The items mentioned are consistent with the project objectives and timeline. 
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Geomechanical Pumped Storage 
Quidnet Energy Inc. 

WBS: EE0008780 

Presenter(s): Howard Schmidt 

Project Start Date: 08/01/2019 

Planned Project End Date: 01/31/2022 

Project Description 
The Geomechanical Pumped Storage project seeks to develop and test a versatile injector-generator prototype 

for high-head applications. The injector-generator comprises a novel combination of known mechanical elements 

(modern plunger pump and early water engine technologies) to realize a bidirectional hydraulic platform with high 

efficiency and attractive cost metrics. 

The project supports WPTO’s HydroWIRES Initiative with an innovative solution for improved grid service capabilities. 
The injector-generator is particularly applicable to geomechanical pumped storage, a new PSH modality. A 

homologous design series resulting from this work supports granular deployment in the 0.5 MW to 10 MW range for 
sub-surface energy storage requiring durations longer than 10 hours. Injector-generator modules could also affordably 

support co-generation from adventitious, geopressured fluids and small scale PSH sites with simpler, two-level facility 

designs. The specific outcomes of this project are to produce a 0.5 MW to 10MW homologous design series capable 

of operating at 700 to 3,000 pounds per square inch, as well as a small-scale prototype to characterize performance 

with the goal of achieving mechanical efficiencies better than alternative reversible rotodynamic machines, targeting 

greater than 95% mechanical efficiency in both the pumping and generation modes. The project will also generate a 

manufacturing plan to achieve less than $100 per kW injector-generator manufacturing cost at scale in the long term. 

Aggregated Reviewer Comments 
• The project objective responded well to WPTO’s and HydroWIRES’ mission. It is a very interesting project 

seeking to develop new technology to enable a geomechanical hydropower plant. The opportunities to scale 
up and build plants with storage is large (1 terawatt), and there is a potential they will succeed in developing 
this. The design allows for a standalone plant to support and enable a stable grid and even more so if they 



WATER POWER TECHNOLOGIES OFFICE’S 2022 PROJECT PEER REVIEW

     

 

 

build a distributed system with multiple plants. It could potentially support the grid even further. It is apparent 
the project has identified end users with agreements already in place with a customer as well as a wide 
range of applications. The accomplishments made so far demonstrate good progress and management of 
the project. The reviewer encourages the team to present more on project management as this is an integral 
part to performance evaluation. It is also of interest to others to better understand how to manage this type 
of project and if the team had sufficient budget or required an increase and why. It is also of interest to better 
understand the project schedule. The team presented an extensive list for future work that could benefit from 
more information on timeline, decision gates, etc. During their presentation, they elaborated more on the main 
challenges related to fluid dynamics, controlling, and propagation. It would also be interesting to understand 
how this is addressed in future work. 

• This is an interesting concept and technology. The goals of greater than 95% mechanical efficiency and 
targeted cost per kW are impressive. Since no cavern development is needed, project costs will certainly be 
considerably reduced as well as project risk. The reviewer likes that the technology under development can 
also be applied to other areas. The presentation, strategy, and future work required were clear and well thought 
out. If it proves out with the numbers and efficiencies as it scales up, this will be an impressive product. 
Outreach was limited. The reviewer suggests presenting at general hydro industry conferences. 

• The project contributes to WPTO’s mission to advance R&D, testing, and commercialization of next-generation 
hydropower and pumped storage systems for a flexible, reliable grid. The goal of this project is to design, build, 
and test a prototype geomechanical pumped storage unit with higher efficiency that current PSH technologies. 
No project management plan was presented, and there were no well-defined milestones, go/no-go decision 
points, or risks addressed. The project’s expected outcomes will be useful and relevant and lead to meaningful 
short-term outcomes. Regarding end-user engagement and dissemination, the project team did not mention 
any dissemination or outreach. It appears most of their work has been technical to this point. They have 
engaged with Quidnet Energy, a company with whom they anticipate doing their first field tests. The company 
has existing intellectual property and added new intellectual property as part of the project. The tech transfer 
plan appears to be through customer contacts. Regarding performance, the project team appears to have 
made significant progress toward achieving its objectives; several accomplishments were mentioned. Based 
upon the material presented, the work plan and methods appear sound. The accomplishments are in line with 
the proposed work.  The plan for the work, however, was not well described. It is not clear what the specific 
outcome of the project will be—whether it is a working bench model, a field demonstration with Quidnet Energy, 
etc. The future work mentioned seems reasonable for the last year of the project. 
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Modeling and Optimizing Pumped Storage in a Multi-Stage, Large-Scale Electricity Market
Under Portfolio Evolution 
University of Missouri System 

WBS: EE0008781 

Presenter(s): Rui Bo 

Project Start Date: 08/01/2019 

Planned Project End Date: 08/31/2021 

Project Description 
To leverage the fast-ramping capability of resources to provide great value to the grid, electricity system operators 

such as the Midcontinent Independent System Operator (MISO) continue to evolve their approaches for integrating 

energy storage resources, including PSH, into electricity markets. This project aims to develop a prototype, enhanced 
PSH model and evaluation tool in the multi-stage market-clearing process, considering PSH’s unique characteristics 

to better align underlying PSH capabilities with evolving grid needs. This includes the need for more frequent and 

larger cycling to manage variability and uncertainty from renewables. Challenges arise in modeling and optimizing 
these energy-limited resources across multiple market-clearing processes and planning studies with uncertainties and 

imperfect information. 

The project is carried out in collaboration with industry partners representing all PSH owners in MISO’s footprint. 
The project uses industry-grade tools and models and realistic data to study, evaluate, and quantify opportunities 

to improve market design. This project will enable greater utilization of PSH flexibility and facilitate a deeper market 
penetration of renewable and/or distributed energy resources. MISO is considering incorporating the developed 

models from this project into production in the future, pending further extensive tests, stakeholder process, and 
prioritization. 
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Aggregated Reviewer Comments 
• The project is complete and presents as a success. The reviewer considers the project objectives to be highly 

relevant for WPTO since they focus on PSH for a flexible and reliable grid to enable the integration of variable 
renewable energy. The reviewer also thinks this focus on market design and efforts to value the opportunity 
to withhold energy is of great importance for how to enable reliable power supply in the future. The project 
outcomes and outputs support the project objectives through developing a scalable mathematical model. 
It is very interesting to note that MISO is considering incorporating the developed models into production 
in the future. It is understandable that they first require a proof of concept to identify the economic viability 
of the model before doing so. It is also good to note that the models are published in journals that are 
publicly available, and the reviewer encourages the team to provide guidance for others to adopt them. This 
demonstrates that they have engaged and involved stakeholders, and they have published results in highly 
relevant forums. The reviewer considers this to be a high-performing project, and it would also be good if 
the team would present more on project management. It is evident that they have completed the project on 
schedule since they have been granted a six-month, no-cost extension. This also indicates that the budget 
was sufficient. When presenting, the team elaborated more on potential future work beyond the scope of this 
project, such as more testing for the intra-day scenario. These were very interesting ideas, and the reviewer 
encourages them to find a suitable format to share with other interested parties. It is also useful information for 
those who may be interested in adopting and further developing the model. Please note that this comment is 
not reflected in the scoring. 

• This is a great project—impressive. The work on modeling and optimizing pumped storage in a multi-stage, 
large-scale electricity market is needed. The reviewer appreciated that these models would be scalable for 
large-scale markets and power grid. This project had a strong team considering three were major investor-
owned utilities. The reviewer liked that the team partnered with both academia and end users for this 
project. It is great that the team developed models and simulations with real, large-scale market data. There 
were impressive results with up to a 97% increase in PSH profit in day-ahead markets. The fact that MISO is 
considering using the model brings real credibility to this work. Outreach was outstanding. Great job. However, 
the reviewer was disappointed to not see next steps. The reviewer hopes the team will be continuing its 
research in this area. 

• The purpose of this project was to develop a prototype, enhanced PSH model in the multi-stage market-clearing 
process considering unique characteristics of PSH and leveraging its fast-ramping capability to provide great 
value to the grid. A table showing the project milestones was presented. Since the project is finished, all 
milestones have been met. The project’s expected outcomes will be useful and relevant and lead to meaningful 
short-term outcomes. Regarding end-user engagement and dissemination, stakeholder engagement was 
primarily with their project partner, MISO, and three PSH owners that formed an advisory group. The report 
mentions some dissemination through peer-reviewed journal publications and via technical conferences but 
does not provide any details. As for tech transfer, MISO is considering incorporation of the models that were 
developed. Regarding performance, the project team achieved its objectives, and the project is complete. The 
R&D methodologies were sound and appropriate. Though it is difficult to tell from the materials presented, it 
appears the project was completed on time. Future work was not mentioned. 
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Value and Role of Pumped Storage Hydro Under High Variable Renewables 
General Electric Company 

WBS: EE0008782 

Presenter(s): Christina Bisceglia 

Project Start Date: 09/01/2019 

Planned Project End Date: 02/28/2021 

Project Description 
PSH can accommodate the intermittency and seasonality of variable renewable energy resources such as solar and 
wind power. New PSH plants in areas with recently increased wind and solar capacity are expected to improve grid 
reliability while reducing the need for new fossil-fueled generation. 

This project aims to overcome a range of market barriers for PSH by helping stakeholders understand the benefits 

of PSH that are not well understood or quantified by demonstrating the capability of new variable-speed PSH 

technologies and by helping developers improve PSH revenues with the development of a new PSH scheduling 
tool. The study is particularly intended for utilities, public utility commissions, developers, and regional planner 
organizations as it explores the values and impacts of PSH, specifically in high-renewable penetration systems. 
Intended outcomes from this project aim to develop a PSH scheduling tool to co-optimize energy and ancillary 

services, analyze and quantify the potential value of PSH under different system conditions, develop a set of variable-
speed PSH models for transmission planners, investigate the dynamic capability of variable-speed PSH and assess its 

impact on grid frequency response and transient stability, and investigate PSH contributions to resource adequacy. 

Aggregated Reviewer Comments 
• The reviewer considers the project objectives to be highly relevant for WPTO since they focus on PSH for a 

flexible and reliable grid to enable integration of variable renewable energy. The reviewer appreciates the 
focus on accurate representation and system value of hydropower and PSH. The team presents a good 
approach with a sound logic and red line throughout. They also present a good and well-reasoned method 
that demonstrates how to reach the objectives. It builds up under the relevance of the outcome as they use 
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real operation data from PSH facilities in developing, calibrating, and validating their model. This will allow for 
a greater understanding of the value of both existing and potential PSH. The reviewer would like to highlight 
the team’s good focus on how this research can be applied and further developed in the future as they state 
they will provide a framework for others. The reviewer considers this to be a good-performing project, but the 
presentation could have an increased focus on project management. The team completed the project on 
schedule since they have been granted a six-month, no-cost extension. The cost came in slightly less than 
budget, and they plan to continue to disseminate the results after project completion. This is also of high 
value for others to learn and better understand how to execute a successful research program. The reviewer 
encourages the team to present more information on risks and mitigations, challenges encountered during 
execution, and lessons learned. The project has identified end users and engaged with relevant stakeholders, 
and they plan to continue collaboration with New York Independent System Operator (NYISO) and Duke. The 
final report is underway, and it is good to note that they intend to summarize this in a white paper for the IEEE 
conference. They have not presented recommendations for future work, and it could be because they are 
not required to since the project is completed. However, the reviewer recommends the team do this as it will 
provide guidance for stakeholders and others who consider further developing the models. Please note that 
this comment is not considered in the scoring. 

• The purpose of this project was to demonstrate the value and role of PSH, and in particular variable-speed 
PSH, under high renewable energy. No project management plan was presented, but a project timeline with 
well-defined milestones and a go/no-go decision point (i.e., a critical performance review) was provided. The 
project’s expected outcomes will be useful and relevant and lead to meaningful short-term outcomes. This 
project appeared like a useful extension of the General Electric tools for addressing PSH, but the method, 
though appropriate, was not very innovative nor easily transferrable to non-General Electric tools. Regarding 
end-user engagement and dissemination, stakeholder engagement appeared to occur through presentations 
at several industry workshops or meetings. The engagement was satisfactory. Engagement of stakeholders 
happened at a variety of different meetings, including at least one hydro-specific meeting (NHA’s Clean 
Currents in 2021). The commercialization plan will likely occur through General Electric’s normal marketing of 
its services. Regarding performance, the project is complete and successfully met its objectives. The project 
team used sound methodologies in their research plan. The project was accomplished in a timely manner. 
Since the project is complete, no future work was mentioned. 
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Predicting Unique Market Pumped Storage Significance (PUMPSS) 
Electric Power Research Institute, Inc. (EPRI) 

WBS: EE0008783 

Presenter(s): Aidan Tuohy 

Project Start Date: 08/01/2019 

Planned Project End Date: 01/31/2022 

Project Description 
This project aims to demonstrate a new methodology to value PSH’s contribution in multiple systems over a range of 
variable renewable energy penetration scenarios using real-world operating conditions from PSH facilities. Advanced 

production cost modeling provides greater accuracy on aspects like treatment of uncertainty, inclusion of multiple 
decision steps from weeks ahead to real time, and treatment of reserve requirements and provision from PSH. This 

increases understanding of the value of existing and potential PSH in those systems, various PSH technologies across 
regions, and individual services and attributes. 

Benchmarked cases for the existing Duke Energy Carolinas and NYISO systems were developed, followed by future 

resource mixes with high and medium renewable penetration for those regions based on planned resource additions 
and the presence of battery storage and nuclear resources. A case study matrix was developed to determine specific 

issues to study that show value for PSH. This included operational assumptions, storage duration, fuel prices, and 
market design sensitivities. Key results were the cost savings due to presence of PSH with increasing value in both 
regions as variable renewable energy increases. The savings were more noticeable in the Duke system for several 
reasons including the specific resource mix and PSH characteristics. Extensive sensitivity analysis shows the value 

PSH can bring increases if different operational practices were used. Technology upgrade options were also examined. 

Aggregated Reviewer Comments 
• The reviewer considers the project objectives to be highly relevant for WPTO since they focus on PSH for a 

flexible and reliable grid to enable integration of variable renewable energy. The reviewer appreciates the 
focus on accurate representation and system value of hydropower and PSH. The team presents a good 
approach with a sound logic and red line throughout. They also present a good and well-reasoned method 
that demonstrates how to reach the objectives. It builds up under the relevance of the outcome as they use 
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real operation data from PSH facilities in developing, calibrating, and validating their model. This will allow for 
a greater understanding of the value of both existing and potential PSH. The reviewer would like to highlight 
the team’s good focus on how this research can be applied and further developed in the future as they state 
they will provide a framework for others. The reviewer considers this to be a good-performing project, but the 
presentation could have an increased focus on project management. The team completed the project on 
schedule since they have been granted a six-month, no-cost extension. The cost came in slightly less than 
budget, and they plan to continue to disseminate the results after project completion. This is also of high 
value for others to learn and better understand how to execute a successful research program. The reviewer 
encourages the team to present more information on risks and mitigations, challenges encountered during 
execution, and lessons learned. The project identified end users and engaged with relevant stakeholders, and 
they plan to continue collaboration with NYISO and Duke. The final report is underway, and it is good to note 
that they intend to summarize this in a white paper for the IEEE conference. 

• This is a great project. The team certainly met the intent of the DOE objective for identifying untapped potential 
for PSH. As the team is aware, this work has great relevance to what the industry is dealing with right now, 
especially Duke and what to do with variable renewable energy versus pumped storage and how to value it. 
That the team is developing a more robust, state-of-the art evaluation tool for pump storage will help identify 
the impact and value on the grid. The reviewer liked that the team will be identifying key PSH value drivers 
and giving guidance to other regions that it did not work with on this project. The industry engagement was 
strong. The reviewer recommends that the team present at Hydro Industry since this work is so relevant and 
much needed. The reviewer is very impressed with this work and hopes that this will continue because there 
is great benefit in what the team is doing. The reviewer wishes recommended next steps were included in the 
presentation. 

• This project developed a framework to investigate the value PSH provides to the grid currently and in the future 
as the resource mix decarbonizes. No project management plan was presented since the project is complete. 
The project’s expected outcomes will be useful and relevant and lead to meaningful short-term outcomes. 
Regarding end-user engagement and dissemination, the project team engaged stakeholders and end users 
through direct project work with EPRI, Duke, New York Power Authority, and NYISO. The project was discussed 
with EPRI member utilities. There is a tech transfer plan via one to two conference papers and a discussion 
with EPRI utilities, but it is not clear that this will be very effective. Regarding performance, the project team 
completed the project successfully. Based upon the information presented, it appears the project team 
implemented sound R&D methodologies. The project was completed on time with approved variances. Future 
work was not discussed.  
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Hydropower Flexibility Framework 
EPRI 

WBS: EE0008941 

Presenter(s): Francisco Kuljevan 

Project Start Date: 02/01/2020 

Planned Project End Date: 02/28/2023 

Project Description 
The Hydropower Flexibility Framework intends to develop an industry-recognized methodology and framework for 
calculating the flexibility that hydropower assets can provide, demonstrate the validity of the approaches and the 

viability of comprehensive application across the fleet, and establish a platform for future flexibility assessments. This 

quantification relies on a systematic and detailed understanding of hydropower plants’ capabilities and constraints, 
a directory of flexible services needed by the power system, and a model capable of co-optimizing a solution while 

accounting for these factors. 

The Hydropower Flexibility Framework aims to better understand and capitalize upon opportunities for hydroelectric 
power plants by integrating water schedules, energy generation and ancillary services (regulation and spinning 

reserve), unit and reservoir characteristics, and minimum flow requirements to support hydropower owners and 

operators in making informed, asset-level decisions. The overarching outcome is to provide an organizing framework 

to evaluate the effects of hydroelectric power plants’ capabilities and constraints on the various types of flexible 

operations and services that could potentially be supplied along with the generation of clean energy and to enable 
more appropriate decision making for investments in plant equipment. 

Aggregated Reviewer Comments 
• The project objective responded well to WPTO’s and HydroWIRES’ mission. The tool and objective will have a 

high value for the industry, and it is the modeling of ancillary services that is particularly innovative. However, 
this also increases the complexity as it is necessary to include many parameters, and careful selection of 
each parameter is required to assess a plant’s flexibility capabilities. The team has included many relevant 
parameters, but the reviewer encourages them to evaluate if they could include parameters on waterway 
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characteristics and unit inertia. In the reviewer’s opinion, these are key in understanding a plant’s performance 
and dynamic behavior and may be more applicable for all turbine types than pressure pulsations, which is a 
hydraulic phenomenon limited to submerged turbines. Many plants indicate good performance when assessing 
the unit characteristics, but the waterway limits performance because of poor design. This can occur for 
all head ranges, penstock lengths, etc. The team supplemented information on their end-user engagement 
when presenting. It is good to observe that they have engaged a large group (utility and independent system 
operator: Southern Company, New York Power Authority, CAISO, and U.S. Bureau of Reclamation; power unit: 
Voith Hydro, American Hydro, HDR, EPRI, and Mercury Governor Group; and optimization and operations: PSR, 
Polaris System Optimization, and USACE). The reviewer encourages the team to define a key performance 
indicator and quantify at the end of the project. The test case presents promising results as the schedules were 
consistent. It is especially interesting to note that the forecast analyses had greatest improvement for low flow 
since this could potentially yield the highest benefit in planning terms. Furthermore, it would be interesting to 
see how this could be used on a fleet of hydropower plants. The results and accomplishments demonstrate 
good performance. However, the reviewer encourages the team to present more on project management as 
this is an integral part to performance evaluation. It is also of interest to others to better understand how to 
manage this type of project and whether the team had sufficient budget or required an increase and why. It is 
also of interest to better understand the project schedule and if it progressed according to plan or what may 
have been a hindrance, including whether that could be something one could normally expect or if it was a 
one-time challenge. Usually, this type of knowledge is also valuable to others conducting similar projects. The 
team presented a solid list for future work that could benefit from more information on timeline, decision gates, 
etc. It would also be interesting to learn more about why these topics were proposed. 

• This is an interesting topic. The reviewer agrees with the importance of the methodology the team is developing 
for calculating hydropower flexibility. This development and issuance of a flexible services directory was needed 
and important for the industry. It was good that the team validated its model by comparing it to actual results. 
The reviewer liked that they were able to quantify the results in test case one for low-flow summer months of 
5.5% improvement, which gives the research credibility. It is clear the direction the team is taking for the future. 
It would have been nice to know who was on the technical advisory team and to have a more detailed rollout 
plan on how the team intends to communicate findings.  

• The Hydropower Flexibility Framework project contributes to WPTO’s mission to advance R&D, testing, and 
commercialization of next-generation hydropower and pumped storage systems for a flexible, reliable grid. 
This project seeks to define, apply, and disseminate a flexibility framework that will help hydro plant operators 
understand the flexibility inherent in their plant to optimize energy, regulation, and spinning reserves. No 
project management plan was presented, and there were no well-defined milestones, go/no-go decision 
points, or risks addressed. The project’s expected outcomes will be useful and relevant and lead to meaningful 
short-term outcomes. Regarding end-user engagement and dissemination, the report described a skilled and 
diverse technical advisory group comprised of ISOs, utilities, research organizations, and technology developers 
that are actively guiding the technical approach to quantify hydropower’s flexibility, but no further details of 
the group were provided. The technical advisory group members appear to be from relevant stakeholders. 
There is a tech transfer plan, though it is not articulated in any detail. Regarding performance, the project team 
appears to have made significant progress toward achieving its objectives, and several accomplishments were 
mentioned. Insufficient details were provided to assess the soundness of the R&D methodologies, though the 
information that was provided suggests they may be. No Gantt chart (or similar) was provided for the project, so 
it was not possible to assess the schedule or challenges/delays. Several items were listed as future work, and 
they seem consistent with the goals of the project.  
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Increasing Operational Flexibility of Francis Turbines at Low-Head Sites through Analytical and
Empirical Solutions 
General Electric Company 

WBS: EE0008942 

Presenter(s): Guillaume Rudelle 

Project Start Date: 03/01/2020 

Planned Project End Date: 02/28/2022 

Project Description 
This project aims to demonstrate the untapped flexibility potential of the low-head Francis hydropower fleet and the 

methodology to tackle it through an extension of the usual turbine operating range. This increased flexibility will enable 

these plants to generate power over a wider operating range and to contribute to grid system resilience and reliability. 

The proposed approach based on analytical and empirical solutions will be implemented for demonstration on the 
High Rock hydropower facility operated by Eagle Creek Renewable Energy. Then a grid simulation will evaluate the 
impact of hydro fleet additional flexible capabilities on frequency response of the WECC grid on a typical worst-case 

scenario. 

Aggregated Reviewer Comments 
• The project objectives respond very well to WPTO’s mission as it seeks to extend the operating range and 

improve the flexibility of low-head Francis turbines. In terms of turbine performance, this is the opposite regular 
performance since it entails regulating a large inertia and slow speed. This means that they are commonly 
known for being good baseload machines that generate power at a set megawatt (i.e., are less capable of 
responding and balancing fast frequency fluctuations). The reviewer considers the potential impact high 
because there are many low-head Francis turbine plants that will benefit from this upgrade, and there is a 
large potential for new plants. This will also increase the value of the plant as it will generate more electricity 
compared to traditional designs. During their presentation, the team elaborated more on the impact COVID 
had on both progress and budget. The main reason was because they developed special tools that were 
increasingly difficult to procure, and there was slow progress with the site measurement campaign as it was 
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problematic to travel to site. On top of this, they experienced unfavorable weather conditions during their 
first measurement campaign and had to do a second. They were granted a no-cost extension and covered 
the budget increase themselves. They have started to disseminate the results of the project according to 
a well-developed plan. Furthermore, the reviewer agrees with the team that support from the HydroWIRES 
initiative would be impactful. The reviewer considers this to have a high potential for commercialization, and 
they aim to develop a lighter execution model to enable use on any site. The project is in its final phase, boasts 
it is globally successful, and has achieved its goals. This is supported by the incredible increase of operating 
range at the High Rock site, its quantification of grid impact through estimating frequency response, and 
planned reports. Information on how the project has helped guide operating strategies at High Rock is not 
explicitly written but demonstrated with hill charts. The results and accomplishments demonstrate excellent 
performance. The reviewer encourages the team to present more on project management as this is an integral 
part to performance evaluation. It is also of interest to others to better understand how to manage this type 
of project and whether the team had sufficient budget or required an increase and why. It is also of interest to 
better understand the project schedule and whether it progressed according to plan or what may have been a 
hindrance, including whether it could be something one could normally expect or if it was a one-time challenge. 
Usually, this type of knowledge is also valuable to others conducting similar projects. 

• The low-head, operational flexibility Francis turbine project contributes to WPTO’s mission to advance R&D, 
testing, and commercialization of next-generation hydropower and pumped storage systems for a flexible, 
reliable grid. This project sought to demonstrate an increase in operational flexibility on a low-head Francis 
turbine but air injection on a new impeller design. It then extrapolated the results to predict its positive 
impact on a frequency disturbance on the WECC grid. The project is sunsetting, and it appears to have met 
all of its objectives. The project’s outcomes have led to meaningful short-term outcomes. Regarding end-
user engagement and dissemination, the project engaged with the High Rock 39.6 MW hydro power plant in 
North Carolina. It has also had two conference disseminations during FY 2021 and two planned in FY 2022. 
The technical advisory group members appear to be from relevant stakeholders. There is a tech transfer 
plan. Through dissemination and advertising, General Electric will market these turbine upgrades. Regarding 
performance, the project team appears to have completed the objectives of the project. Insufficient details 
were provided to assess the soundness of the R&D methodologies, though the outcomes of the project suggest 
they were sound. The project timeline showed the major achievements and described challenges mitigated with 
a six-month extension and additional General Electric cost share. Future work was described and is consistent 
with the goals and timeline of the project. 
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Identifying Hydropower Operational Flexibilities in Presence of Streamflow and Net-Load Uncertainty 
University of California, Irvine 

WBS: EE0008943 

Presenter(s): Bita Analui; Soroosh Sorooshia 

Project Start Date: 07/01/2020 

Planned Project End Date: 06/30/2023 

Project Description 
Flexibility in a hydropower plant refers to its capability to schedule the optimal timing of power production to provide 
reserves and respond quickly to changing power system needs. This is an important value to help integrate high 

penetration levels of variable generation into the grid system. Despite the importance of hydropower generation, 
many reservoirs, especially in the United States, must serve multiple purposes, which often predominate electricity 
production. Constraints on such systems include environmental objectives, flood control, water supply, recreation, etc. 
Although there is close coordination to ensure that various hydro constraints are not violated, there is great potential 
to understand how this existing coordination could be improved to provide more efficient and flexible operations. One 

way to identify these hydropower operational flexibility potentials is to understand how the system responds to the 

underlying uncertainties with respect to system constraints. 

In this project, the team describes the flexibility of an operating hydropower facility by capturing uncertainty in both 

water and power systems and formulating the hydropower operation as a multi-stage stochastic optimization problem. 
The proposed optimization approach is generic enough to support short- to seasonal-term operations and planning 

decision horizons and scales from daily to weekly to monthly decisions. The Missouri River Mainstream Reservoir 
System consisting of six reservoirs serves as the case study. The aggregate installed capacity of all powerplants in the 
Missouri River Mainstream exceeds 2,500 MW with an annual generation of more than 9,300 gigawatt-hours. 
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Aggregated Reviewer Comments 
• The project objective is highly relevant for the HydroWIRES and WPTO mission as it explores untapped potential 

in the challenging interaction between the grid and hydropower plants. The project’s expected outcomes and 
outputs are highly relevant since they aim to develop a decision framework and quantify flexibility. To do so, 
they have modeled a range of options using a scenario tree. Then the variance of the distributions of optimal 
solutions provides the quantified flexibility in terms of how much water a plant in the cascade can release for 
generation. They develop a very interesting and complex mathematical model that will be highly optimized 
for the cascade under research. It also means that commercialization of this model will be limited, and the 
reviewer encourages them to engage and involve the intended user to the degree possible. The reviewer 
recommends the team assess the potential to use this approach on other cascades. It is understandable that 
the intended user, USACE, would need to extensively test the model to verify its applicability and to ensure that 
it does not add any risk to the operation. The results and accomplishments demonstrate good performance 
with a very interesting approach. The team has presented a good project timeline that is split into activities and 
shows decisions gates and relevant milestones. The reviewer encourages them to present a few comments 
to the timeline, budget, and risk in the next review. This will enable the review team to better evaluate project 
management. This is also valuable knowledge to share with others. The team has presented an extensive 
list for future work that could benefit from more information on timeline, decision gates, etc. It would also be 
interesting to learn more about why these topics were proposed. 

• The reviewer really likes this topic that accounts for and identifies optimal trade-offs among multiple 
operational, environmental, and regulatory constraints that hydro operators have to deal with. No other 
renewable has such complexity. The concept and research will facilitate and improve these complex decisions 
being made. The project presentation was clear and concise. Progress and accomplishments to date were 
very informative and well laid out. That the team has developed this concept and plan to apply it in a real 
operational system is great. The reviewer realizes the team picked the largest hydro asset owner in the 
United States, so kudos to the team, but nearly all hydro owners are struggling with these same issues. The 
reviewer recommends in the future the team consider diversifying outreach with investor-owned utilities and 
independent power producers. 

• The project contributes to WPTO’s mission to advance R&D, testing, and commercialization of next-generation 
hydropower and pumped storage systems for a flexible, reliable grid. In this project, the flexibility of an 
operating hydropower facility is described by capturing uncertainties in both water and power systems 
and formulating the operations as a multi-stage stochastic optimization problem. The approach applies 
to operations and planning decision horizons from short to seasonal term. No project management plan 
was presented, and there were no well-defined milestones, go/no-go decision points, or risks addressed. 
The project’s expected outcomes will be useful and relevant and lead to meaningful short-term outcomes. 
Regarding end-user engagement and dissemination, the project team has one poster publication and other 
informal dissemination. It is not clear if the dissemination plan will include water power conferences or 
publications where the work may have its greatest impact. There is no tech transfer plan provided.  It appears 
that the intended tech transfer will primarily be to USACE. Regarding performance, the project team appears to 
have made significant progress toward achieving its objectives, and several accomplishments were mentioned. 
Based upon the material presented, the research plan and methods appear sound. The accomplishments are 
in line with the proposed work plan, and the project timeline and go/no-go decision points are appropriate. The 
future work mentioned is in alignment with the work plan. 
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Exploring Multidimensional Spatial-Temporal Hydropower Operational Flexibilities by Modeling
and Optimizing Water-Constrained Cascading Hydroelectric 
Stevens Institute of Technology (Inc) 

WBS: EE0008944 

Presenter(s): Lei Wu 

Project Start Date: 04/01/2020 

Planned Project End Date: 05/31/2023 

Project Description 
Existing heuristic operation practices of cascading hydroelectric systems may predate renewable integration and 
prohibit fully utilizing systems’ inherent flexibilities in providing valuable grid services. This project explores enhanced 

water inflow forecasting models and advanced modeling and data-driven optimization approaches to maximize 

the value of these resource-limited assets in providing four-dimension, enhanced operational flexibilities—when, 
what reservoir, which hydro turbine, and how much water to be discharged and stored—through the development of 
accurate water inflow forecasts to guide short-term operations and long-term reservoir draft-and-fill cycles and rigorous 

models of physical and operating characteristics to explore inherent flexibility against uncertainties and information 

imperfectness. 

Aggregated Reviewer Comments 
• The reviewer considers the project objectives, outputs, and outcomes to be highly relevant for WPTO as they 

focus on increasing and optimizing electricity generation from existing assets through improving modeling 
and forecasting of the potential in the cascade. This is very relevant and applicable for utilities, and it is good 
that the model incorporates weather forecasting in addition to hydrology and other relevant parameters. It 
would be interesting to observe how they may adapt the forecasting model and algorithms to other cascades. 
In the reviewer’s opinion, the project team has a strong focus on end-user engagement and could increase 
their focus on disseminating findings through workshops, publications, and presentations. The results and 
accomplishments demonstrate acceptable performance. The project is currently behind schedule, but they 
present a reasonable plan for accelerating work. However, they note that they may ask for a no-cost extension 
later. The reviewer encourages the team to present more on project management as this is an integral part 
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to performance evaluation. It is also of interest for others to better understand how to manage this type of 
project and whether the team had sufficient budget or required an increase and why. It is also of interest to 
better understand the project schedule and whether it progressed according to plan or what may have been 
a hindrance, including whether that could be something one could normally expect or if it was a one-time 
challenge. Usually, this type of knowledge is also valuable to others conducting similar projects. The team has 
presented an extensive list for future work that could benefit from more information on timeline, decision gates, 
etc. It would also be interesting to understand why these topics were proposed. 

• The reviewer liked the concept. One of the major industry concerns has been the robustness of models used 
for hydro as compared to other renewables. The team tackled a great concern in the research, which was with 
models using old, overly conservative data and then performed simulation via actual Portland General Electric 
data. The reviewer liked the approach and outcome. Well done. The reviewer suggests in the future getting 
a more diversified audience for outreach. Since operators and generation owners are targeted users, the 
reviewer recommends the NHA conference and Northwest Hydroelectric Association conferences, which many 
generators attend. The reviewer can get advance participant lists, which could help the team. 

• The project contributes to WPTO’s mission to advance R&D, testing, and commercialization of next-generation 
hydropower and pumped storage systems for a flexible, reliable grid. This project seeks to employ enhanced 
water inflow forecasting models and advanced modeling and data-driven optimization approaches to increase 
the value and use of the hydro resource in an electrical system with high renewables. The project team 
presented a detailed Gantt chart and appears to be on schedule and to have it its first set of milestones. The 
project’s outcomes have already produced some meaningful short-term outcomes. From the presentation, the 
project looked good but not easily adapted to other sites. Regarding end-user engagement and dissemination, 
the project has had good engagement with Portland General Electric, the owner of the hydropower projects 
where the modeling and numerical techniques are being applied. Three journal articles, one conference paper, 
and three presentations have already occurred during the project, so outreach is good. A specific plan for tech 
transfer is not provided beyond the normal channels of academic publication. That seems appropriate given 
the project team. Regarding performance, the project team has made good progress and appears to be close 
to the predicted schedule for completing the project. The R&D methodologies appear sound and appropriate. 
Future work was described and is consistent with the goals and timeline of the project. Key go/no-go decision 
points do not appear to be part of the project work plan. 
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Fleet Modernization, Maintenance, and Cybersecurity 
Activity Area Evaluation 
WPTO 

WBS: 1.3 

Presenter(s): Kyle DeSomber 

Aggregated Reviewer Comments 
• The presenter did a wonderful job explaining the activity area and the strategy of how the projects fit together, 

especially with the figure on slide 14.  His understanding of stakeholder needs and challenges was clear. The 
activity area is closely aligned with the MYPP objectives and looks likely to fulfill all of the MYPP 2021–2025 
Key Results and Performance Goals. Regarding whether the program leverages the appropriate funding 
mechanisms and whether it funds the most relevant studies, the reviewer did not see enough information 
to determine whether these were true (not that the reviewer is yearning for a lengthy discussion of funding 
mechanisms). The studies that were funded do seem relevant, but the reviewer would have to see all the 
studies that were not funded to say they were the most relevant. (The reviewer apologized if they are getting 
hung up on unintended details with the wording.) The projects are diverse and complement each other but 
seemed a bit light on the maintenance side. This might have been due to funding constraints or a lack of 
relevant studies being proposed. HFI was a great project, but the reviewer thinks there is room for more 
(around baselining maintenance costs or benchmarking plant outage causes) while still maintaining diversity 
among projects.  

• The activity area presentation was very well put together to provide insight into the program, the projects within 
the program, and details showing how the program activities linked and complemented each other within 
the program area. The lead did a really good job answering questions and addressing comments following 
the presentation and has a solid handle on the industry, the benefits that may be realized from the projects, 
the challenges associated with the projects, and the requirements set by the MYPP. The primary weaknesses 
noted in the program are likely the result of streamlining the activity area presentation. The moderator outlined 
the work to be reviewed and noted additional calls for papers that were released recently in the activity area. 
However, reviewers did not hear what other projects may have been deferred in the activity area or what 
projects were in the queue and how they ranked the projects against each other. The reviewers discussed this 



WATER POWER TECHNOLOGIES OFFICE’S 2022 PROJECT PEER REVIEW

     

 

 

and believed that this analysis is covered in the MYPP process, so it is outside the limits of the review. As a 
result, the fact that reviewers did not review projects outside of the review area is not perceived as a detriment 
to the scoring for the activity area.  

• The program’s three focus areas—maintenance, digitalization, and cybersecurity—align well with the MYPP 
vision and mission statements for the Fleet Modernization, Maintenance, and Cybersecurity Activity Area. The 
MYPP, figure 21 (Sub-Activity 3.2 Maintenance Research Priorities) indicates efforts to develop first-generation 
condition sensors, but this activity does not appear to be included in the current program. It is stated that 
development of wear-and-fatigue models is now starting and that it seeks to cover critical hydropower 
components while avoiding one-off models that do not translate across the industry. This is an exciting but 
also very challenging task. For example, the reviewer would consider the generator stator winding a critical 
hydropower component, representing a significant maintenance cost, and replacement (rewinding of the 
generator) decisions and timing are still associated with much uncertainty. The reviewer sees a great challenge 
in being able to develop an accurate model of as complex and varied a system as a generator stator winding 
that is not a one-off model. If it is doable, it would represent a major step forward in generator predictive/ 

smart maintenance. It appears that the cybersecurity R&D work builds on cybersecurity work completed during 
the last two to three years. However, in the fleet modernization and maintenance areas, it is not clear to what 
extent future work builds on past work, except that the digital twin project description indicates that a feasibility 
study was completed in FY 2021. Regarding funding mechanisms (slides 10 and 11), it appears that all funding 
comes from government. It is not clear if industry and academia or prizes/competitions are part of any of the 
funding. Also, funding is explained for development of wear-and-fatigue models and for cybersecurity research 
but does not more broadly cover the maintenance and digitalization activity areas. 

• Regarding strengths, the presenter did a great job showing the correlation of the various initiatives and projects 
between one another. There were no real weakness. One recommendation will be to continue to show at 
the project level how the outcome of a project complements other projects under this activity area. Another 
feedback will be to look for opportunities to promote work under the activity area within the hydro industry. 
Leverage industry groups for opportunities to partner with the projects, solicit feedback, and utilize the project 
outputs. 
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Project Evaluations 
Digital Twin 
PNNL, ORNL 

WBS: 1.3.1.601 

Presenter(s): Osman Ahmed; Hong Wang 

Project Start Date: 10/01/2020 

Planned Project End Date: 09/30/2021 

Project Description 
Hydropower operations are becoming more complex and demanding as hydropower strives to provide grid reliability 
and resiliency in the face of variable renewable energy production as solar and wind installations continue to expand. 
As the electric power grid prioritizes reliability, resiliency, and value amidst an evolving mix of variable renewable and 
baseload assets, hydropower technology will require the integration and full benefit of the best available and future 

advancements in sensors, data and control systems, analytics, simulation, optimization, and computing capabilities to 
remain competitive. This need is referred to as the Hydropower Digitalization Challenge. 

ORNL and PNNL have been working together on a four-year project to design, develop, prototype, and demonstrate an 

open platform digital twin for hydropower systems to help address the hydropower digitalization challenge. The digital 
twin is a virtual platform that mimics the behavior of a real plant, allowing utilities, end users, original equipment 
manufacturers, and others to extract deep insights from the real system and enhancing operational performance 
through simulations and predictive or prescriptive analytics. With its novel open platform, the digital twin will be 
affordable to own and operate. It is expected that, at the project’s completion, the hydropower industry shall fully 

understand how the digital twin can play a vital role in modernizing plant operation and improving overall plant 
operational performance, creating the necessary market pull for the digital twin. 
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Aggregated Reviewer Comments 
• Digital twin was specifically called out in the MYPP, so it is hard to get more aligned than that. This one was 

particularly fascinating, and there is a lot behind the scenes that the reviewer is sure would take years to 
really understand, so their comments should be taken with a grain of salt. Regarding the last bullet under 
project objectives, the reviewer’s impression is that the meaningful short-term benefits to end users would be 
trying out scenarios with the cyber-surrogate aspect of digital twin (which the reviewer does not recall being 
presented by this project, but mentioned during a discussion on Friday) and making operations decisions at 
the plant level using the twin to roughly or generically estimate start-stop wear and tear on units in energy 
imbalance market or in response to grid dynamics. The reviewer does not foresee short-term benefits from a 
one-dimensional model at the level of detail where the end user would see financial benefits from being able 
to shift from scheduled to predictive maintenance (e.g., individual unit condition, shaft alignment, history of 
fatigue stresses, vibrations, bearing temperatures, known pitfalls of particular designs of components, and 
maintenance history). The reviewer would love to be proven wrong about that at the FY 2024 deliverable. 

• This is a very complicated project with much technical detail that has a high potential to create a new way that 
hydropower plant owners and operators will use existing technology on a broad scale at their plants. The project 
team did a great job of outlining the project objectives, timeline, and costs incurred to date. The project has 
set measurable go/no-go steps and is progressing through them well. The team did a good job emphasizing 
the strengths and weaknesses of their model, and they are doing a good job of getting engagement 
through outreach through their stakeholder group, checking in with industry conferences, and their planned 
outreach with the Norwegian laboratory. Regarding strengths, this is a very complex project that appears 
to be progressing according to the provided schedule and budget, and the objectives are in line with the 
requirements outlined in the MYPP. The investigators are very motivated on this project and passionate about 
their work and sharing their findings. They are reaching across the industry to multiple stakeholders to help 
them develop the technology with much input on the process. To that end, the reviewer really appreciates the 
work that the investigators are doing with the Norwegian laboratory to take the project from the tabletop to a 
prototype application. They did a great job explaining how this prototype application will help the team validate 
and tune their algorithms, validate their calculations, and test the machine learning software they developed. 
Real-world calibration and validation are a very important part of the project and have a whole host of benefits. 
Regarding weaknesses, given the detailed nature of the project, the concept of creating an open-source tool 
for hydropower owners and operators to utilize to analyze their plant operations in real time seems to be as 
equal of a challenge as the creation of the digital twin tool itself. Most utilities will not be able to or interested 
in connecting real-time plant data to a third-party, cloud-based tool that is termed open source. Although a 
cloud-based tool is fantastic for validation, many utility cybersecurity requirements limit their ability to connect 
to existing vendor data acquisition systems for vibration or partial discharge monitoring programs. In order to 
get more value from the end product, it would be beneficial during the next phases of this project for the project 
team to set up workshops with the participating industry partners to further define and validate the application 
for the end user. For example, the reviewer inquired if it would be possible for the project to investigate if they 
could outline and develop a tool that a utility or hydropower owner could download and install behind their own 
firewall to use and maintain in house. 

• WPTO’s MYPP includes broad focus on digitalization of the hydropower fleet, and the development of a 
digital twin hydropower model addresses this focus. This is outlined in slide three. Potential risks in the 
project development are not discussed and included. A strong point is the creation of an approximately 
20-representative industry advisory group, which helps with end-user engagement and shows a good 
understanding of project beneficiaries and the importance of dissemination of results. Slide nine also includes 
a stated plan for reaching out to underrepresented groups in the next couple of years. The project performers 
demonstrate a good understanding of the project’s potential benefits; however, they did not lay out a plan 
for commercialization of the new technology. Collaboration with external academia and research institutions 
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(Norwegian University of Science and Technology, Norway) is a strong point because the development builds 
on work accomplished by others, avoiding reinvention of the wheel. It appears from slides six and seven that 
project objectives are being met on schedule, assuming that stated milestones on September 30, 2022, are 
being met. There is no discussion of any COVID-19 issues. The digital twin approach, if successful, could be 
a great tool to facilitate better predictive maintenance decisions and thus reduce O&M costs for turbines, 
generators, and auxiliary systems. As far as generators are concerned, a generator rewind (replacement of 
the generator stator winding and possibly the core) is usually based on electrical tests, service time, and 
engineering judgement but is still associated with a fair amount of uncertainty as far as timing is concerned. 
Because a stator rewind is the highest cost maintenance activity for generators, the timing can represent 
significant capital losses if it is performed prematurely or, if a generator were to fail before a scheduled rewind, 
it would result in additional capital losses because of an extended outage time. A significant challenge as far 
as the generator goes is to develop a model of the complex physics involved that would accurately describe 
wear and tear, including stator winding and core, as a function of operating conditions and parameters. It is 
generally accepted that increases in dispatch variability, i.e., more frequent start/stops and increased thermal 
cycling, lead to increased wear and tear. For example, the generator stator winding is significantly impacted by 
thermal cycling, but there are a large number of variables involved (type of insulation system, age, operating 
temperatures, design, build/installation quality, etc.) that impact the correlation between operating scenarios 
and winding degradation and aging. There has been much focus and research in this area during the last 
couple of decades, and a literature study to assess results and progress might provide useful input to the 
current project. (Also, contrary to conventional wisdom, the reviewer believes some research, possibly from 
the Centre for Energy Advancement through Technological Innovation, has demonstrated a weak correlation 
between thermal cycling and accelerated stator winding aging for some generators.) The reviewer is excited to 
see what tools will be made available to the industry as a result of this project. 
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Hydropower Fleet Intelligence 
ORNL 

WBS: 1.3.2.504 

Presenter(s): Pradeep Ramuhalli 

Project Start Date: 10/01/2014 

Planned Project End Date: 09/30/2020 

Project Description 
The HFI project is developing and demonstrating standard processes to make data-driven decisions on O&M for cost-
effective hydropower generating unit asset management under evolving contexts. A primary challenge is maintaining 
cost competitiveness, reliability, and security of existing hydropower assets given the age of the fleet. The project is 

focused on developing tools to align, correlate, and analyze disparate national- and plant-scale datasets and providing 

actionable information to U.S. hydropower operators for optimizing O&M decisions. The project is also developing 

formal processes for verifying data availability and sufficiency and mechanisms for benchmarking and aggregating 

data from disparate sources. It is also developing and evaluating analysis methods for condition-based asset reliability 

assessment to support predictive maintenance strategies, assessing digitalization technology, and developing best 
practices for integration with hydropower facilities. The tools and methods developed under the project are being 
made available to stakeholders for evaluation and use. 

Expected products and outcomes include a data-driven method for assessing dispatch variability impact on 

hydropower O&M costs, a formal process for assessing hydropower data sufficiency, and software tools (algorithms) 
for hydropower data analysis to quantify asset condition and reliability and to enhance and coordinate disparate cost, 
condition, operation, and reliability information to improve hydropower value and reliability. The project outputs are 
expected to enable better understanding of correlations and dependencies between reliability, efficiency, and O&M 

performance, and enhance hydropower asset managers’ capabilities to optimize facility management for greatest 
benefit and value. 
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Aggregated Reviewer Comments 
• This was one of the best projects as far as meaningful benefits to end users in the short term. The reviewer 

liked that plants with any level of digitalization could start to use this tool. This was also the only project the 
reviewer remembers specifically mentioning how they could dovetail with other projects (digital twin and wear/ 

fatigue data) to the benefit of the overall activity area. It was unclear to the reviewer how a plant would be able 
to actually implement the Python scripts. The flexibility is key, but to the reviewer, it seemed there might be a 
few steps missing between the project deliverable and successful deployment in plants of this tool. Maybe the 
FY 2022–2023 facility and fleet-scale data models will iron out those details, or maybe this would be a non-
issue to a programmer or supervisory control and data acquisition expert. (The reviewer is mechanical.) 

• This is a very interesting and technically challenging project that has a potential to help utilities significantly 
advance their asset management processes and maintenance practices and manage risk at their facilities. 
The project has progressed in accordance with their project schedule and is within budget and in line with the 
MYPP. It was great to see that there has been much work to engage with industry stakeholders and several 
presentations at industry conferences to gather feedback and engagement. Regarding strengths, this is a very 
complex project that touches almost all aspects of hydropower owner and operator datasets. There has been 
fantastic engagement across the industry and stakeholder engagement. The project has completed much 
work to successfully identify the required and available datasets most hydro owners and operators have and 
used this data to successfully build the HydroSource database. The HydroSource database can be used not 
only by this project but by other related projects that WPTO undertakes today and into the future. The software 
modules for detailed calculations based on the datasets are currently under development in accordance with 
the project schedule. It is good to see the project has identified several diverse and complementary outputs 
of this project, which can be implemented directly by hydropower owners and operators when complete. 
Regarding weaknesses, the use case and adoption of the software models when created is as important as the 
creation of the model itself. There appears to be a lack of end-user engagement as to the best way to package 
the identified deliverable of the software modules. As discussed during the Q&A section of the peer review, 
most if not all hydropower owners and operators should be able to apply at least one piece of the software tool 
if engaged and interested in the deliverable. As such, it was recommended by one reviewer to structure the 
deliverable as a series of Python scripts and a user guide to allow the hydro owners and operators to apply one 
or all software tools in house based on their configuration of databases in the way that makes the most sense 
for them. However, it is recommended to host a workshop with their participating utilities, possibly at a utility 
conference, to further define the best deliverable for quick adoption by the industry and to further validate the 
best way to package the software module deliverable for implementation by the hydropower fleet. 

• The project aims to create correlations between big data from component- to plant-level sources with decisions 
on O&M activities, including cost impacts of hydropower flexible operations to support the electric grid. 
The reviewer views this as a very ambitious undertaking because of the many moving parts and variables 
involved, and it will be very interesting to see the tools for the industry and results of the project. The project 
management plan (slide seven) does not include discussion of potential risks. The budget for FY 2022 
is not included. A better description or vision of actual user-friendly tools to be developed for hydropower 
operators would have been nice. There is currently only an indication of a variety of data models that are 
being developed. End-user engagement and dissemination plans are strong, but there is no stated plan for 
commercialization of products. 

• Regarding strengths, this project has the potential to help the industry to better understand the need for data 
and how data can help decision making. Regarding weaknesses, more end-user engagement is needed when 
it comes to helping the industry understand what they can do with existing data. Helping them organize data 
will help build confidence in the project’s potential as well as provide utilities with the business case to invest in 
gathering more data. 
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Cybersecurity Value-at-Risk Framework 
NREL, Argonne 

WBS: 1.3.3.402 

Presenter(s): Anuj Sanghvi; Vladimir Koritarov 

Project Start Date: 10/01/2020 

Planned Project End Date: 09/30/2023 

Project Description 
Hydropower plants need tools for assessing the value of cybersecurity while making critical decisions on plant 
investments in cybersecurity and risk mitigation. The Cybersecurity Value-at-Risk Framework will provide an industry-
accessible, self-guided, automated tool for hydropower stakeholders to identify best practices for their systems 

and provide guidance for management through a quantitative scoring mechanism to inform effective cybersecurity 

investment decision making and planning. 

Aggregated Reviewer Comments 
• This seemed like a useful and cost-effective project that is well aligned with the goals of the MYPP and activity 

area. The reviewer thinks the FY 2023 expansion for site-specific attributes with the option to tailor assessment 
and valuation would be key to providing real benefits across the board for hydropower plants. The team is doing 
a lot of end-user engagement.  Trying to anticipate every factor that each unique hydropower plant might want 
would be extremely difficult and messy and doomed to miss something regardless. Some projects value fish 
passage above hydropower, some have black-start capability and are more valuable targets for that reason, 
some might be targeted as tourist attractions, some provide drinking water, some do more to help incorporate 
wind into the grid, and some might be so remote that few of the common concerns apply. The reviewer is 
sure the team has many factors included in the tool, but there will always be something to customize. The 
customizable aspect of the tool would not have to be as user-friendly as the main menu. 

• This project developed a tool that allows a user to determine the risk and/or vulnerability of their hydro 
facility to cybersecurity threats. The work was based off of another project in this area that has already been 
completed and seamlessly ties into the MYPP cybersecurity focus area. The project output, when complete, 
should be able to be used by any utility to review the threats to their plant almost immediately. Regarding 
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strengths, the tool, though not demonstrated during the peer review, appeared to have much sensitivity for the 
hydro user to set sensitivities for the owner’s risk tolerance, facility criticality adjustments, etc. These inputs are 
essential to ensure the user has the ability to ensure they install the best available controls for their company, 
reasonably available control technology, or lowest achievable risk technology. This tool should be hosted 
publicly and adjusted and maintained as new threats are determined or standards implemented. Regarding 
weaknesses, this tool should be able to be applied to any facility, no matter what size. However, the tool as is 
may not provide as much benefit to the larger or fully integrated utilities that may have an entire department 
dedicated to monitoring and hardening their facilities, transmission grid, and customer data from cybersecurity 
threats. That being said, during the Q&A session, the investigator did mention a potential for future work to 
modify the tool to allow for a fully integrated utility to audit all of their facilities to look for differences between 
the facilities and log recommendations for one project against the next. Another limitation is the scalability for 
a utility to use this tool to audit their substations, customer data vulnerabilities, etc. If the tool is expanded into 
these areas, the department and NREL would likely get more value and adoption of the tool across the industry 
sector. 

• Project objectives and outcomes are clearly defined, and they align well with WPTO’s MYPP. Potential project 
risks are not discussed, and a project budget for FY 2022 is not clearly shown. In the project timeline slide, 
using actual fiscal years instead of FY-1, FY-2, etc., would improve readability and correlation with the project 
budget slide. It was unclear to the reviewer if this project should include results from the already completed 
project “Hydropower Cyber-Physical Reference Framework,” which classifies plants into nine types. The plan for 
end-user engagement and dissemination is good, including partners and advisors, but there is no plan outlined 
for commercialization of developed products. It is difficult to correlate the project timeline (slide five) with the 
accomplishments and progress list (slides eight and nine). More consistent use of terms and designations 
would help improve clarity of progress versus timeline. 

• Regarding strengths, developing a tool that provides a framework for assessing cybersecurity risks for a utility 
and helping prioritize investment could be something utilities could use. Regarding weaknesses, the reviewer 
recommends engaging with more and more diverse end users. Adding the ability for utilities to provide input 
for risk appetite will be something that will help utilities customize the tool to their use. Another suggestion 
is to incorporate NERC and other compliance requirements into the tool such that it provides not only risk 
assessment but also a way for utilities to audit their compliance program and manage risk around compliance. 
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Hydropower Cyber-Physical Reference Framework 
PNNL, Argonne, NREL 

WBS: 1.3.3.602 

Presenter(s): Ken Ham; Vladimir Koritarov; 
Michael Ingram 

Project Start Date: 10/01/2019 

Planned Project End Date: 09/30/2020 

Project Description 
WPTO funded PNNL, Argonne, and NREL to develop a typology to characterize the variety and pervasiveness of cyber-
physical configurations across the nation’s hydropower fleet. Outreach to plant operators returned configurations for 
275 hydropower plants or approximately 12% of the fleet. 

Components (operational and information technology), systems, and connections among systems differed among 

plants according to function, age, position in the river cascade, and other factors, producing nine distinct cyber-
physical configuration types labeled A through I. These types were differentiated by how pervasive data and control 
connections were among components and how frequently control signals paired with data signals in a feedback 

loop. The flow of data and control within each type implies what cybersecurity vulnerabilities may exist and the most 
effective mitigation actions. A self-assessment approach allows plant operators to type their plants and link to the 

lessons learned and best practices information. The cyber-physical typology reinforces the idea that hydropower 
facilities vary widely, but it also highlights useful similarities in how their components interact. These groups help 
address fleet-wide cybersecurity needs by identifying a reasonable number of configuration types that share risks, 
vulnerabilities, and potential mitigations. 

Aggregated Reviewer Comments 
• This project is aligned with the MYPP and activity area and addresses a current challenge being faced by end 

users trying to scope and program cybersecurity work. The reviewer will be keeping an eye out for conference 
presentations and the report. The reviewer would like to understand the connection diagrams better. The 
reviewer does not recall that reviewers mentioned this project in particular on Friday in the context of projects 
that would give benefits in the short term, and they should have. This will be providing end-user benefits in 
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the very short term, more and more as the results are disseminated as mentioned on the future work slide. 
The reviewer just noticed in future work that the team mentioned supporting the roadmap project also in this 
activity area—good call. 

• This project brought industry stakeholders together to develop common frameworks of data transfer within 
common plant configurations so that other departments, government sectors, etc., can develop standard 
processes or requirements for protecting the equipment at their facilities. This project is already complete 
and is presently adding value to the program. Regarding strengths, the project investigator noted that they 
had achieved a response from 13% of the facilities in the United States. Based on this reviewer’s experience 
running R&D projects in the energy sector, this is a remarkable rate of response from the industry. The 
methods and means for getting such a high response rate could be a model for other similar projects in the 
WPTO program. No weaknesses were identified. 

• Commercialization was not discussed, but the project appears to be intended to support future R&D in the 
cybersecurity area and is, therefore, not intended for commercialization as a standalone product. The response 
rate to the questionnaire was impressive, reaching about 13% of the nation’s hydropower plants. The graphics 
included in slides 10, 11, and 12 are difficult to grasp, but this is probably a moot point because the project is 
already completed. Also, the graphics are likely explained in the report. 

• Attaining a high response rate across the hydro industry is commendable. It will be good for other projects to 
see what sort of strategy was used and take some lessons learned. 
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Hydropower Cybersecurity Risk/State of Fleet 
PNNL 

WBS: 1.3.3.603 

Presenter(s): Marie Whyatt 

Project Start Date: 10/01/2020 

Planned Project End Date: 12/31/2021 

Project Description 
The project focused on researching and painting a picture of hydropower’s cybersecurity state along with current 
and emerging identified threats and gaps for the coming decade. The project team used that knowledge to prioritize 

threats and gaps, survey known and emerging solutions, and recommend near-, mid-, and long-term R&D investments. 
The goal was to discern where WPTO ought best to invest R&D funds for highest impact and to truly “move the needle” 

in hydropower cybersecurity. 

The project vision statement was the following: “Within 10 years, the U.S. hydropower fleet shall be conspicuously 

modernized, well-maintained, and a cybersecure source of value for the nation.” 

Aggregated Reviewer Comments 
• This is a small detail, but it would be helpful to reviewers to have the name of the presentation document and 

abstract more closely match the project name in the agenda. This project is well aligned with clear short-term 
benefits and seemed to have exactly the right people executing and supporting it. 

• This project was completed in 2021 within budget and schedule. The project evaluated the cybersecurity 
landscape for hydropower plants (first six months) and then built a roadmap for WPTO to continue research 
based on the threats and/or gaps identified in common cybersecurity threats for the next 10 years. The 
recommendations were broken down into recommendations for WPTO R&D investments in cybersecurity for 
0–3-, 4–6- and 7–10-year horizons. The tenants of these recommendations are already adding value back 
to the industry and currently being used by WPTO, the Department of Homeland Security, and utilities. The 

181 VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES | Hydropower Program Evaluation 



Hydropower Program Evaluation | VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES 182    

 

 

reviewers appreciated the investigators’ knowledge and passion in this space and the thoroughness of their 
work to engage and appreciate the nature of hydropower. The investigators engaged with multiple stakeholders 
across the hydropower, cybersecurity, and compliance sectors to really understand the cybersecurity issues 
that face the hydropower industry today and into the future. The challenges for hydropower facilities are 
different in nature than those of natural gas facilities, for example, because hydro plants are all different 
designs, configurations, and eras of equipment. Some have technologies dating back over a century, and 
others are quite new and modern. In addition, the way hydropower is operated varies significantly across the 
sector—some are ramping and starting and stopping as part of ancillary services and/or energy imbalance 
market and may in the future allow a third party like a system operator to switch a breaker for them, which 
can create a host of cyberthreats that do not currently exist. This paper considered the risks across the entire 
sector, which is no small task. 

• These comments may be moot points because the project was successfully completed in FY 2021. The project 
was intended to be a tool for guiding WPTO research in the cybersecurity area and aligns well with WPTO’s 
mission statement. The project appears to lack industry participation and input and was executed mainly 
with PNNL staff with minimal, if any, input from industry. Validation of results (“sanity checking”) appears to 
have been minimal (conferences and lunch and learn both through the Northwest Hydroelectric Association). 
The training guide that followed the project appears as a valuable tool for small hydropower plant operators. 
Because of the continually changing cybersecurity landscape, it is believed that updates to the guide/tool 
will be required on a regular basis for it to remain relevant. Because of this, commercialization of the product 
should be considered. 

• It is great to see that the project involved looking at other industry sectors as the cybersecurity risk state for 
hydropower was reviewed.  
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Hydropower Fleet Cybersecurity Response and Recovery 
PNNL 

WBS: 1.5.1.601 

Presenter(s): Darlene Thorsen 

Project Start Date: 10/01/2019 

Planned Project End Date: 09/30/2020 

Project Description 
This project aligned cybersecurity and emergency response frameworks into a consolidated, quick-reference flipbook 

of steps to be taken during an incident at a small or moderate-sized hydropower plant. This effort color codes and 

standardizes the steps a hydropower plant operator needs to take, along with required regulatory steps to enable a 

plant to validate a cyber event and return to normal operations quickly. The flipbook tool has been evaluated, shared, 
and exercised at national and international industry conferences as well as by federal and state organizations involved 
in energy-sector cybersecurity and emergency response. 

Aggregated Reviewer Comments 
• The reviewer appreciated this project being sent out to reviewers. This is one of the projects that the reviewer 

thinks could provide really practical short-term benefits to end users, and, as far as the reviewer is aware, this 
is the only project trying to answer the question of how exactly to respond and recover after an attack versus 
defending from an attack in the first place. Arguably, the question of how to respond and recover is more urgent 
because there will always be a chink in the armor someplace, cybersecurity measures take time and money 
and an attack could happen before they are in place, and regardless of defensive measures, questions will still 
arise after an attempted cyberattack is recognized. The reviewer hopes to hear of the results. If the flipbook is 
found to be of practical use in an exercise and/or updated using feedback from the exercise, that will be very 
persuasive.  

• This project focused on the creation of a guidebook or flipbook that is focused on small to moderate 
organizations to address cybersecurity protections and will help an owner recover from an event if a threat 
is present. The book may also be used to identify protections for the user’s system from events that may 
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occur at their facilities, on their electric grid, and/or for their customers’ data. The investigators explained 
how they worked through the various standards and requirements so that the utilities do not have to. The 
final deliverable is already complete and submitted to WPTO. It is available to the public, adding value to the 
hydropower community. The reviewers appreciated the strong, knowledgeable team that was awarded this 
project. Their knowledge and passion in this area was very apparent. One point of particular note that the 
reviewers appreciated was the “required notifications” pieces of the guidebook. Where the book notes if a 
breach of cyber data is present, the guidebook provides links to Federal Emergency Management Agency and 
Federal Bureau of Investigation intake forms along with QR codes, where applicable, so a user under stress 
may provide timely notifications to the federal agencies in accordance with the required standards. 

• These comments may be moot points because the project was successfully completed in FY 2019. It sounds 
from the presentation that the guide is completed, but the slide on future work seems to indicate that it is still 
to be validated and needs updating. Please clarify the status of the guide. It appears that for this tool to remain 
relevant and up to date, regular updates would be required. Because of this, commercialization of the tool 
should be considered. 

• This is a good project with a deliverable that will be useful for small to mid-size organizations. Hopefully the 
product gets promoted and used by the industry. Great work by the project team.  
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Environmental and Hydrologic Systems Science 
Activity Area Evaluation 
WPTO 

WBS: 1.4 

Presenter(s): Dana McCoskey 

Aggregated Reviewer Comments 
• The programs and projects in this portfolio are well matched with the strategic goals and objectives of the 

MYPP. The work is high quality and will be valuable. The department will just need to ensure that the work is 
carried forward, either through the next stage of research (methane) or through commercialization (shad tags) 
and that the work is communicated broadly and effectively so that the full value of the findings will be put to 
the highest and best use. 

• The overview did a good job of walking reviewers through goals and priorities for the MYPP. The communication 
approach seems to incorporate a range of options improving the ability to both receive input and disseminate 
information. Research programs seemed focused on new, innovative approaches with very little attention to 
economic feasibility for implementation. There needs to be a continued emphasis on ensuring members of 
industry, academia, resource agencies, and nongovernmental organizations are involved in the process to 
ensure results are applicable and inclusive to needs across hydropower.   

• Regarding strategy, the overall strategy for the two major program areas and most of the programs that fall 
within each seems very good. However, much of the stakeholder engagement and outreach that was done 
initially to inform the strategy is now more than five years old. Things change quickly (particularly as it relates 
to climate change), and it would be useful to have an overall strategy that is perhaps a bit more flexible and 
can be modified based on periodic feedback from and focused check-ins with stakeholders. Perhaps this 
is being done, but it was hard for the reviewer to tell from the presentation update. Regarding progress, it 
appears as if good progress has been made on most elements of the program. The reviewer rated progress and 
implementation a five, but it was a bit hard to tell from the presentation exactly what activities/modules had 
been completed and how well the original implementation schedule has or has not been achieved or modified. 
Overall, the reviewer thinks this part of the program appears well organized and well directed. The reviewer 
encourages WPTO to make sure enough attention is paid within each of the program elements to getting 
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the message out and making the program research results available and well distributed within not just the 
hydropower community but also within academic institutions that may be doing research in some of the areas 
and who could make use of the results. Finally, regarding the presentations for each of the individual program 
elements, for the next peer review, the reviewer strongly recommends that the presentations focus as much 
or more on the results to date of the research activity and maybe not quite so much on progress made relative 
to the original schedule. Also, peer reviewers should be given more time to ask presenters questions and have 
more frequent breaks for notetaking, etc. There was so much information presented that it was hard to keep up 
and keep track. 
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Project Evaluations 
A Real-Time and Autonomous Water Quality Monitoring System 
PNNL 

WBS: 1.3.1.608 

Presenter(s): Daniel Deng 

Project Start Date: 10/01/2018 

Planned Project End Date: 09/30/2021 

Project Description 
PNNL is developing an enhanced, real-time, and autonomous water quality monitoring system to allow for improved 

measurement in challenging locations (e.g., around turbine intakes and in the tailraces of dams). This system reduces 

risks to workers, enables greater spatial coverage of measurements, and improves communication between the 
sensor and dam operators. It incorporates a remotely operated vehicle as the mobile monitoring platform, a dissolved 

oxygen sensor for monitoring water quality, a tether management system, a solar mobile docking platform for suppling 

power to the remotely operated vehicle, and a web-based, graphical user interface for data post-processing and 

visualization. 

Commercialization and widespread use of improved environmental monitoring technologies can help hydropower 
owner/operators and other stakeholders better understand complex issues, implement mitigation solutions or real-
time operational changes to reduce or avoid impacts, and potentially increase generation or system flexibility. These 

efforts can also help operators successfully manage extreme events such as droughts and/or heatwaves, which 
can lead to low river dissolved oxygen levels in particular. Information is also useful to understanding longer-term 

hydrologic variations and increasing the long-term resiliency of America’s river ecosystems. 

Aggregated Reviewer Comments 
• The project is on point with regard to the MYPP and objectives. It is a reasonable step forward and developing 

new technologies is an appropriate role for WPTO and the labs. Water quality monitoring is important and 
needs improvements in cost, methodology, timeliness, etc. The work has certainly moved forward. The rovers 
are exciting. The reviewer gave a three mostly because it needs to keep moving forward. Datasets need to be 
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expanded. Commercialization needs to be thought out. More use cases need to be demonstrated. The reviewer 
looks forward to the research continuing. 

• Improved methods for water quality data collection are necessary across the hydro industry. This project’s 
adaptability to different environments both upstream and downstream will allow for greater use of the product. 
Project implementation of the technology will provide operators the necessary information for maximizing 
profits with flows and meeting FERC requirements in place for water quality standards. The team has presented 
preliminary results and has a plan in place for additional outreach. The obvious constraint for the project is 
the lack of field testing and data. In order to become a standard in the industry, rigorous testing needs to be 
in place to ensure function, cost effectiveness, and quality are present. Additionally, a comparison to current 
technologies (including O&M costs) would be helpful. This is an excellent start to the project, and the reviewer 
looks forward to updates and additional field-testing results.  

• This is an interesting and potentially very useful project. The reviewer appreciates that the project focus was on 
a subject that many hydropower owners have to deal with—water quality monitoring. The goals and objectives 
for the project seem sound and well thought out. However, there were a few things that WPTO should consider. 
The automated water quality monitor (rover) and systems were a great idea and translated into a working 
system that was deployed as pilot project. That is great. The presentation should have focused a bit more on 
how well the monitor worked in the pilot setting and what problems were encountered. (The reviewer is sure 
there were some.) Also, going forward, the project needs to compare the cost of designing and building one 
of the autonomous rovers compared to conventional water quality monitoring costs. Also, a focus on rover 
maintenance requirements will be important to understanding if this new tool will be a practical and cost-
effective replacement for traditional water quality monitoring systems. In short, the project should focus now 
on what needs to be done to demonstrate that the automated system is a practical alternative to traditional 
water quality monitoring. It will also be very important that the program results be made available to the public 
and that steps are taken to increase awareness. The program should also focus on finding a way to make the 
technical and design information on the automated system available to the public. Perhaps a final design and 
operational manual would be a good ultimate product for this project. 
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Shad Tag Development 
PNNL 

WBS: 1.4.1.604 

Presenter(s): Daniel Deng 

Project Start Date: 04/01/2020 

Planned Project End Date: 03/31/2023 

Project Description 
American shad (Alosa sapidissima) is a migratory fish native to a large range across the East Coast of the United 

States. In many rivers where shad are present, they must pass upstream and downstream of hydropower facilities 

multiple times to complete their life cycle. American shad are an economically valuable fishery, but their populations 

have been declining throughout their historic range. More than 100 U.S. hydropower facilities with a total capacity 

of more than 4 gigawatts will have expiring FERC licenses over the next 10 years and are within the native range of 
American shad. As a part of the FERC hydropower license process, fish passage and mitigation measures for American 

shad will be routinely and rigorously reviewed by federal agencies and stakeholders. 

PNNL is developing a revolutionary acoustic transmitter that can be used to study the behavior and survival of 
sensitive species, such as juvenile American shad, to inform hydropower mitigation and species management. 
The ability to implant acoustic transmitters and track the movements of species and life stages of fish that have 

never been studied before at this level of detail would greatly advance understanding of fish migration timing and 

behaviors, habitat use, fishway use and performance, and survival rates at hydropower facilities. This would result in 

more informed management decisions regarding new and existing hydroelectric facilities and better designs of new 
hydropower systems that minimize or avoid environmental impacts. 

Aggregated Reviewer Comments 
• This work is well situated in the MYPP and its goals and has advanced well. The key for more use within the 

industry is commercialization. Another important step will be robust studies of passage and migration using 
the tag. The positive reception of the work and anxiousness for access to the tags speak for the fact that this is 
filling a need. Now it needs to get out there. 
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• There is strong demand across the industry for fish tracking technologies, specifically for the collection of data 
for various life stages relevant to upstream and downstream passage at hydropower facilities. Researchers for 
the project have made great progress with studies, including observing a high survival rate and low fall back 
compared with other technologies currently available on the market. The reviewer’s recommendations include 
involving resource agencies in the development of pilot field studies to better measure performance in the field. 

• This is a very good project. It is focused, well thought out, reflective of an industry need, and timely. The mission 
is clear, and the implementation seems very good with excellent progress made toward the final product. 
The presentation could have benefited from a little more information about the results of test applications of 
the shad tag. The reviewer is unclear on whether it worked well and if signal, battery life, etc., were what was 
expected. It was also unclear to the reviewer if the size was manageable for the juvenile shad. Some of this was 
presented, but the reviewer thinks the peer review panel might have benefited from hearing a bit more. Going 
forward, the focus should be on disseminating the results of the R&D, the pilot projects (testing) that was done, 
and the tag effectiveness. Also, it is not clear how PNNL will make the tag or tag technology available to users 
or commercial developers. Clearly there is interest and demand, and so this should be the next priority for the 
project. Well done. 
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Fish Protection Prize 
NREL, WPTO 

WBS: 1.4.1.611 

Presenter(s): Dana McCoskey; Tessa Greco 

Project Start Date: 10/01/2019 

Planned Project End Date: 09/30/2020 

Project Description 
The Fish Protection Prize sought new solutions, designs, and strategies to prevent fish from swimming into water 
infrastructure, such as water diversions and pipes and intakes at hydropower dams. WPTO collaborated with the 
U.S. Bureau of Reclamation on the prize to inspire innovators to compete for $700,000 of cash prizes and voucher 
support. 

The development of water resource infrastructure and operational criteria must conform to federal and state 
regulations that protect the environment and public health and safety. One specific environmental concern is the 

movement of aquatic species, most notably fish, out of natural habitats and into unnatural environments, which 

may result in injuries or mortality. This movement is referred to as “entrainment.” The Fish Protection Prize offered 
opportunities to reduce entrainment at diversions and intakes to promote more sustainable and reliable water 
resource systems. This prize built on the initial Fish Exclusion Prize, run by the U.S. Bureau of Reclamation from March 
to December 2019. This next three-staged prize asked participants to share their innovative approach—along with a 

design and research plan—for keeping fish away from water diversions and intakes. The prize consisted of three stages 

that provided the structure and resources needed to move methods for protecting fish from water diversions and 

intakes from concept to design to prototype and field-tested systems. 
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Aggregated Reviewer Comments 
• The prize team’s project management plan was unclear in the written materials and presentation. There was 

a schedule that included some milestones, but the critical go/no-go decision point and adequate methods 
for addressing potential risks were somewhat unclear. The prize has a sound stakeholder and/or end-user 
engagement strategy working with a community of stakeholders. The connection between the prize team and 
specific water power industry stakeholders or end users at appropriate points in the project life cycle (e.g., 
establishing an advisory group, assessing end-user needs, communicating progress/preliminary results, 
and/or disseminating final results, tools, and data) was unclear. The prize’s technology transfer and/or 
commercialization plan for concepts created in the prize was unclear. The projects selected made appropriate 
progress toward addressing the prize objectives. The project performers coordinated via vouchers with national 
lab partners to implement sound R&D methodologies and demonstrated the results needed to meet the prize 
objectives. 

• This prize included practical objectives, a healthy prize package, and meaningful voucher support for the 
winners. The reviewer appreciates the intention to field “radical new ideas” and new solutions to improve fish 
exclusion technology. A strength of the program included the approach and design and the fact that the team 
built on the lessons learned from the Fish Exclusion Prize. The three-stage approach worked well, and the 
team’s direct involvement with the winners is laudatory. It was smart to include a pitch contest. 

• Given the resources available, this project had great results. While there is still plenty to do, there is good 
progress with clear benefits should the technologies be successful. 

• The reviewer knows they are being tough on stakeholder outreach and engagement, especially with the prizes. 
Communication strategies should be shared in more detail. The winning ideas will advance the technology 
forward, so that was exciting to see. It would be great to get some non-industry winners included. 

• This was an excellent concept with quality prize recipients and applicants. It was unclear how winners were 
scored and selected. It was also unclear if WPTO has practices in place to ensure consistency through sharing 
of information after the completion of the prize. There seems to be a disconnect with this program and 
universities. A strong recommendation would be to establish relationships within the academic systems to 
ensure researchers’ involvement and not just industry-led technologies.  

• The reviewer likes the prize concept. It seems like a good way to effectively spend fewer dollars to bring 
interesting concepts forward into an R&D phase. The reviewer is not familiar with how these prize programs 
work, so they did not fully understand some of the details of the Fish Protection Prize program, particularly 
related to how prizes were judged and awarded. The reviewer would like to see more educational institutions 
be awarded one of these prizes. The reviewer does not think WPTO is getting the most for the dollar when the 
prizes go to commercial firms/organizations. If the prizes went to educational organizations, there would be 
the combined benefit of advancing the research on a particular solution as well as the educational advantages 
conferred on the receiving institution or team. Also, the reviewer again emphasizes the importance of 
disseminating information about a particular prize concept, like the Fish Protection Prize, within the relevant 
water power industry stakeholders or end users at appropriate points in the project life cycle. The reviewer also 
thinks the project should focus on how the resulting technology or product would be transferred to a broader 
audience to widen the potential for development of commercial applications.  
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GMLC Water Risk for the Bulk Power System: Asset to Grid Impacts 
NREL, ORNL 

WBS: 1.4.2.402 

Presenter(s): Ariel Miara 

Project Start Date: 06/29/2020 

Planned Project End Date: 05/31/2021 

Project Description 
There is no standardized, consistent mechanism for utilities and other stakeholders to understand how evolving, 
predictive climate and hydrologic science can be translated to evaluate the various potential climate- and water-
related risks of power grid assets and the implications to planning decisions. Based on this need, the project’s 
two overarching research goals are to execute a state-of-the-art, multi-model framework to assess climate-water 
impacts and risks to the grid, including sensitivities to varying hydrologic drivers and infrastructure futures, and to 
create a visualization platform using data and model results from the climate-water risk assessments that enables 

stakeholders to better understand and evaluate climate-water risks to individual assets and systems. Importantly, both 

the analyses and visualization platform will be designed and developed based on stakeholder engagement, building 
on prior successful efforts by the team, and close coordination with industry and researchers to ensure relevance and 
value of the analyses and visualization platform. 

Aggregated Reviewer Comments 
• This is a critical project that will help with adaptation and water management. They have done a great job at 

involving stakeholders, adding them into the workflow, and incorporating what they are learning from them. The 
progress is great. There is a great plan for beta testing and usability. 

• This is an extremely useful and timely tool for use across the industry. Stakeholder engagement is outlined within 
the work plan but is not as clearly defined for dissemination of information. The use of visualizations for climate 

change seems to be an effective approach to messaging and widely applicable. As with all other projects involving 
models, a key question remains as to how to maintain the tool’s effectiveness over time. Basin-wide planning 

tools that incorporate increased resiliency in aquatic ecosystems along with grid resiliency will provide improved 

decision making for water resources. The reviewer is looking forward to the release of the tool. 
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 • This is an important and exciting project. Clearly, climate change and its effect on hydrology have serious 
implications for hydropower projects and grid reliability. The reviewer’s only caution is to keep the model 
focused on the climate-water-hydropower side of the problem and not on the grid needs-infrastructure demand 
side. Climate change will have other effects on grid reliability beyond the potential contribution of hydropower, 
but this research and the model should stay focused on the climate-water side. That alone will be a complex 
problem. The project goals are sound. Creating a model and then providing a good platform for the model 
will allow the resulting model to be used to evaluate climate-water risks. However, again, the model and its 
use will only be as good as the effort that is made to make people aware of the model and provide them with 
clear instructions on how to locate and use it. The reviewer presumes that integration of this project with the 
HydroWIRES program will help with that. The reviewer really thinks the key for the potential success of this tool 
is going to be involving the regional transmission organizations and ISOs. The reviewer suggests that WPTO 
make every effort to take the prototype model (even in its development stages) to the regional transmission 
organizations and get periodic feedback from them as the model continues to be developed and tested. They 
are the experts here. The team should find a way to involve them and use their expertise to create a truly useful 
modeling tool. 
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Methane Emissions 
ORNL 

WBS: 1.4.2.501 

Presenter(s): Natalie Griffiths 

Project Start Date: 10/01/2020 

Planned Project End Date: 09/30/2023 

Project Description 
Hydropower reservoirs, like all inland waters, emit GHGs (including carbon dioxide and methane) to the atmosphere. 
However, estimates of GHG emissions from all reservoirs (including hydropower) are highly uncertain and range from 

0.14% to 6.6% of global GHG emissions. Characterizing uncertainty in GHG emissions from reservoirs has been 

identified by WPTO as an important first step in identifying and mitigating risk from high-emitting reservoirs. 

This project is utilizing a coupled modeling-measurement approach to reduce uncertainty in GHG emission estimates, 
particularly methane, both within individual hydropower reservoirs and across reservoirs in the United States. 
Development and validation of novel, in-situ GHG measurement technologies combined with comprehensive, 
statistically based monitoring designs informed by GHG emission models are critical components of this project. The 
short-term outcome will be a reduction in the uncertainty in GHG emission estimates from U.S. hydropower reservoirs 

that will arise from the analysis of field measurements, model assessments, and data syntheses efforts as well as 

the development and use of novel measurement technologies. Accurate quantification of GHG fluxes is paramount for 
the hydropower industry to assess its role in decarbonization and because GHG emissions may be considered when 
evaluating hydropower’s status as a form of renewable energy. 

. 

Aggregated Reviewer Comments 
• This is critical work for WPTO to do and take the lead on. This addresses concerns that reach beyond industry 

into the whole hydro community. Actual data is truly necessary in this area because without it, people use 
whatever is at hand to make their own cases rather than letting comprehensive data direct policy. Although 
there are some in the industry that do not necessarily yet see the value of this work, it is one of the most 
important projects that the environmental nongovernmental organization community is keeping track of. The 
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work is detailed and great. It needs to be clear how this phase of work (concentrating on the U.S. Southeast) 
translates (or does not) to other regions of the United States. Context will be key. Extractability will also be key. 
There will be a need for another round of funding to take the research all the way to where it needs to be. The 
presenter outlined those future years of work well. The only criticism is that the recognized stakeholders did not 
include policymakers and environmental nongovernmental organizations specifically but should. 

• Additional tools such as this are necessary to understand the hydropower industry’s role in GHG emissions 
through the use of reservoirs. Pumped storage continues to be a growing part of the industry, and better 
access to information pertaining to localized emissions data can help planners on all levels, including city, 
state, and federal, to consider value and trade-offs of development within a region or watershed. An attempt to 
engage all stakeholders with interest in GHG emissions should be made; this needs to include elected officials, 
regulatory bodies, and nongovernmental organizations. The tool seems to be in early stages with a focus on the 
southeast that is not necessarily applicable across the United States. The project needs broader use of the tool 
and more refined methods of determining hydropower’s part in reservoir emissions versus other purposes.  

• The reviewer has several concerns with this project and hopes that they just do not understand it. If the 
reviewer has it wrong, then their primary comment would be that the presentation was not oriented to someone 
new to the project, and so the information conveyed about the project should be revisited to make sure it is 
a little clearer as to the need for the project and what exactly the project is intended to do in support of the 
hydropower community. The reviewer’s concerns are based on the project as they understand it. The project 
has a goal of creating a good model for estimating GHG emissions from hydropower reservoirs. The reviewer 
understands that the International Hydropower Association (IHA) already has such a model, and it is unclear 
how this new WPTO-sponsored model will differ or be better than the IHA model. In fact, based on the response 
the reviewer got to their question about the model, the reviewer thinks they understood that the model being 
used for this project is the IHA model, so it is not clear to the reviewer what changes or enhancements will 
be made to that model to make it better suited for U.S. hydropower project GHG estimation. The deployment 
of new monitoring techniques of new GHG emissions is apparently going to occur in the Southeast United 
States. If the goal is to develop a tool that will allow hydropower owners to better estimate their project’s GHG 
emissions, the tool must incorporate or be calibrated to data, information, and measurements that have been 
taken throughout the United States, not just in one particular region. In short, the product of this research must 
be useable throughout the United States. Hydropower project reservoirs are often multi-purpose reservoirs that 
may also be used for water supply, irrigation, flood control, etc. This project seems more intent on improving 
the estimation of GHG emissions rather than estimating GHG emissions from hydropower reservoirs, and then 
separating out the portion of the emission that is directly a result of hydropower operations, not operation 
of the reservoir for other purposes or from what GHG emission would be naturally from a similarly sized and 
located natural water body (lake). This is critically important as the emissions from hydropower reservoirs 
may not all be related to the actual operation of the project for electric generation. Finally, the impetus for this 
research project seems a little off target. Most hydropower project owners in the United States would rather 
not have another model that estimates GHG emissions from their reservoirs unless that model is aimed at 
separating just the effects of the power generation operations (see the comment above). In the reviewer’s 
opinion, a much more important topic related to GHG emissions would be a model or tool that allows an 
estimate of the net GHG emissions associated with a particular project that is a comparison of GHG emissions 
from a hydropower reservoir as a result of only its hydropower operations, as compared to the GHG emissions 
from the electric generation sources that would most likely replace those megawatts. To the reviewer, that is 
a tool that is totally missing in the GHG/climate change/hydropower discussion. There may be GHG emissions 
from hydropower reservoirs/operations, but the reviewer asked how those compare to the emissions from the 
next most likely source(s) of replacement generation. The reviewer suggests this research project consider 
pivoting to address this need. 

https://www.hydropower.org/news/g-res-new-tool-for-measuring-carbon-footprint-of-reservoirs
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Hydro Fleet Database Development and Analyses (HydroSource) 
ORNL 

WBS: 1.5.1.502 

Presenter(s): Debjani Singh 

Project Start Date: 10/01/2014 

Planned Project End Date: 09/30/2020 

Project Description 
HydroSource is a comprehensive, unique, national water-energy digital platform that accomplishes data stewardship 

and dissemination for U.S. hydropower stakeholders. The HydroSource digital platform consists of hydropower-related 

datasets, data models, visualizations, and analytics tools that support and enable hydropower R&D. Hydropower 
operators and developers, governments (federal agencies, resource agencies, and decision makers in federal, state, 
and local jurisdictions), nongovernmental organizations, academia, policy leaders, and the public use HydroSource 

to inform policy decisions, increase transparency in hydropower projects and information, support science-based 

analysis, enable robust research, consider new project development, develop new tools for data-driven environmental 
assessment, and inform strategic environmental permitting and mitigation. 

Aggregated Reviewer Comments 
• HydroSource is a much needed and useful website. Making this information accessible and organized is 

important. The reviewer’s only concern relates to making sure that the communications plan is robust and that 
the tool is easy to find. It should pop up in searches for “hydropower” or “hydropower development” or even 
“water use” or “water data,” etc. The reviewer inquired if there is a university dissemination instrument that 
could help let institutions know that it exists. This is a great project. 

• This is a great undertaking to provide a centralized database benefiting users across industry, resource 
agencies, and the public. The greatest challenge is marketing the tool to users and the long-term maintenance 
to keep the project relevant and data up to date. Several opportunities were identified during the review to 
include making the page a default on Google for searches and getting the word out through universities for 
communication. 
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 • HydroSource is an excellent program for bringing together all sorts of hydropower data and databases 
and putting them all in one place for use by researchers and the public. WPTO needs to continue to keep 
the databases and information sources available through HydroSource up to date; continue to review the 
HydroSource webpage from the perspective of a new user to make sure it is clear about what data sources are 
available and how to easily access and manipulate the data (with particular attention to the ability to download 
datasets and use offline); provide easy-to-use instructions on how to use and access the HydroSource 
databases; and work to keep getting the message out about the availability and use of the HydroSource 
database and tools. Anything WPTO can do to continue to spread the word among potential users beyond the 
immediate hydropower community would be helpful. The reviewer would particularly like to see more effort put 
into information for academic institutions about HydroSource so the data can get into the hands of students 
and researchers within academia. The team should spread the word among engineering organizations as well. 
Finally, when the reviewer searches “hydropower data” or “US hydropower data,” the HydroSource webpage 
come up as about the sixth to eighth entry. The reviewer recommends seeing what can be done to move that 
up to one or two. The reviewer also recommended checking the DOE website and making sure that getting from 
the homepage to the hydropower page to a link to HydroSource is easy and obvious. 
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FERC eLibrary 
PNNL 

WBS: 1.5.1.605 

Presenter(s): Bo Saulsbury; James Bradford 

Project Start Date: 10/01/2020 

Planned Project End Date: 09/30/2021 

Project Description 
FERC’s eLibrary is an online records information system that contains documents for the four industries FERC 
regulates. The system is especially useful for the hydropower community. However, eLibrary users, including FERC 
staff, express frustration with the difficulty of finding and accessing relevant documents due to the poor usability and 

data tagging. 

This project seeks to improve the process of finding and accessing hydropower documents and information within 

the eLibrary system by analyzing and improving FERC data tagging and quality and by creating an alternate eLibrary 

tool specific to FERC hydropower data. The project approach follows a typical user-centered design process. First, the 

team studies and models the workflows of users attempting to find specific documents or classes of documents within 

eLibrary. Second, they design and develop an alternative eLibrary search tool, targeted at facilitating the identified 

user workflows. Third, they release and test the new tool in comparison to the original eLibrary, making iterative 

improvements based on feedback. When completed, this publicly available tool will make it easier for users to find 

and access documents and information within FERC’s existing eLibrary system without altering the system itself. Such 
improved access to documents and information will help streamline the FERC environmental review and licensing 
process, thereby increasing hydropower capacity by catalyzing the development of sustainable hydropower. 

Aggregated Reviewer Comments 
• Although reviewers were not able to see a demonstration, it appears that the work will have a positive impact 

on the public at-large’s ability to access and find information in the FERC eLibrary. This is an important step 
toward leveling the playing field for everyday users and those that are only participating in a single project’s 
licensing activities. The reviewers all look forward to being beta users. This tool needs to have a prominent 
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place to live and easy access to finding it. Hopefully, a link from the FERC website itself will be possible. If not, 
the communications plan needs to be robust and the tool needs to be very easy to find, even if that means paid 
placement on Google searches. 

• There is a clear nexus with this project and a current need of both industry and resource agencies.  Improved 
access to information through the FERC online library could streamline review processes by reducing delays 
caused by lack of access or inefficient access, causing extended search times. The project has progressed on 
the provided timeline, but a final product and marketing plan did not seem to be clear. It was not clear from 
the documentation provided if industry or stakeholders using the FERC online resources have been directly 
engaged in the development of tagging and searching tools to better capture the needs of these communities 
of users. Additionally, the end product does not have a clear path for broad use with the only identified 
outreach and marketing tools identified as WPTO and PNNL.  

• The reviewer thinks the idea and need for this project are well supported. Nobody likes eLibrary or finds it easy 
to search. However, the reviewer has two major concerns/questions. First, the reviewer thinks it is odd that 
this eLibrary search tool will not actually search FERC’s eLibrary, but instead will search a separate, parallel 
database. The reviewer is not sure they can articulate all their questions/concerns about this, but there seems 
to be a lot of potential problems with this approach, not the least of which is creating a separate database 
that may or may not accurately reflect the info officially filed with FERC and available on eLibrary. The reviewer 
is not saying such a tool will not still be useful, but it would certainly have to be provided to users with a 
serious word of caution about the database it is searching since it will not actually be searching eLibrary. The 
reviewer’s second comment is about making this tool available to people who are actually searching eLibrary. 
If the tool is intended to be used by a wide array of folks searching eLibrary, then it seems that some link to the 
tool or reference to the tool should appear on or be made available on FERC’s eLibrary webpage. Otherwise, 
the reviewer is not sure how the tool will get widely known or used. Finally, because of the reviewer’s first 
two comments, their final comment is that it seems imperative that WPTO be engaging with FERC about this 
tool development—and more than just asking FERC staff if they need a better search tool. Close coordination 
between FERC and DOE is needed, or the reviewer sees some potential difficulties ahead for transitioning this 
project from the development to implementation phase. The reviewer thinks they are stating the obvious when 
suggesting that this project seems to be doing FERC’s work for them. The reviewer suspects that is not the 
impression WPTO wants to give. 
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Demonstrating Value of River Data Aggregation and Visualization Capabilities 
PNNL 

WBS: 1.5.1.606 

Presenter(s): Kyle Larson 

Project Start Date: 06/28/2019 

Planned Project End Date: 09/30/2021 

Project Description 
Easier access to diverse types of river data is needed to facilitate basin-wide approaches to multi-objective river 
management and streamline regulatory processes. This scoping project seeks to help inform future WPTO involvement 
in activities aimed at improving access to river data by gaining a better understanding about factors affecting 
accessibility and usability of river data, identifying related initiatives being undertaken by other agencies and 
organizations, and demonstrating the benefits of accessible data through a series of data stories based on complex 

river management scenarios in the United States. Through these activities, the project also hopes to build broader 
interest in the topic among the community of river data users and producers. 

Aggregated Reviewer Comments 
• This is an important project. The work is great thus far but is limited in applicability since it has focused on 

anecdotal stories and has not quite reached the point of broad-based applicability. It was helpful to understand 
that part of the project’s objective was to inform WPTO strategy, which it will in no doubt do. The project team 
needs to do more outreach. It sounded like dissemination of the work was left to a few select audiences to 
disseminate. It was unclear to the reviewer if they were aware that was their task. 

• The most beneficial component of this project seems to be the stakeholder engagement. The reviewer did not 
see a clear path for addressing data access issues or a nexus with industry/resource agency involvement at 
hydropower facilities.  

• This is another good project that has the potential to bring useful data and information to a broad spectrum 
of users in a useable and flexible format. The data and visualization aspects of the tool are impressive and 
could be very useful in many applications. However, to get there, once the database/tool is ready to go, it will 
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be critically important to get the word out about the availability of the tool, its capabilities, where to find/access 
it, and how to make it “dance.” By that, the reviewer means providing end users with easy-to-understand 
information on how they can access and effectively utilize the tool. Also, it would be important to include a 
feature that would allow users to download data or information from the tool, including visual representations 
of the data and resources being searched or researched. The reviewer recommends the team keep thinking 
about ways to make people aware of the database/tool and work toward developing easy-to-find information, 
links, and pathways to get to the tool and help users understand how to use it effectively. 
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Hydropower Data Access, Analytics, and Workforce Development 
Activity Area Evaluation 
WPTO 

WBS: 1.5 

Presenter(s): Corey Vezina; Allison Johnson 

Aggregated Reviewer Comments 
• This is great work that is vital to our industry for further project and workforce development. HydroSource is a 

cool tool to use to search information, data, and opportunities. However, the reviewer is concerned that there 
is no clear mechanism for correcting omissions, updating status, and editing data. Workforce development 
and education is a great program that is moving forward at a good pace. This effort is focused on creating 
high-level awareness of the industry and opportunities for employment. The next phase needs to delve deeper 
into education through joint planning between PNNL, NHA, the Hydropower Foundation, and the National 
Energy Education Development Project with direct WPTO funding of the team, its outreach, and the supply of 
educational materials. Beyond that, in cooperation with industry, the reviewer recommends developing training 
facilities for craft trades and internships for graduate levels. 

• As indicated by the score, the reviewer believes that the program is achieving good results in a diverse number 
of areas. The reviewer was particularly impressed with the HydroSource portal, which provides one source for 
permitting and valuable pieces of information. The reviewer recommends that work on this portal continue 
and the scope be expanded as necessary to capture results of the many studies being developed by the 
various national laboratories. The information on the workforce provided valuable background for the STEM 
program, which the reviewer believes is doing a very good job. Overall, these programs are capturing valuable 
information that will be useful for regulators, developers, and all participants in the hydroelectric area. 

• This is the first comprehensive costing project the reviewer has seen from WPTO in recent years. It does confirm 
much of what developers of new small hydro on existing unpowered dams are experiencing, and the results 
are realistic. While the focus has been on lakes and locks/dams, it would be good to see similar data for pure 
RoR, low-head dams. Much of the study material appears to be for the Midwest, and there is a need to compile 
similar information for the Northeast. The FERC and state licensing processes need unending attention as 
these agencies and their unfortunate process times and requirements are a real barrier to development of 
small-scale hydro. Even with the 10 MW exemption, this is still a one-size-fits-all approach that FERC and the 

203 VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES | Hydropower Program Evaluation 



Hydropower Program Evaluation | VOLUME II: COMPLETE EVALUATION RESULTS AND APPENDICES 204    

  
 

 
 

 
 

 
 

 
 

 

 

  
 
 

 
 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

states take. Beware that each state applies its own interpretation. On the workforce front, the outreach to 
colleges and universities is excellent, although having looked through those that applied, there is not much 
diversity (in size, rank, etc.). The reviewer thinks the awards need to be higher than presented. Also, the time 
at which WPTO solicited was (the reviewer believes) at the end of April/May when most schools have their 
minds on exams/graduation. WPTO should launch this to hit the academic year or the January session when 
colleges are often looking for off-curricula projects. Nonetheless, this is a good effort. The reviewer also thinks 
the industry should know which hydro firms hire from which institutions. This should be an annual survey and 
worked in conjunction with NHA. Finally, every year hydro firms hire summer interns, and the industry should 
know who is hiring who and from where. These may just be the future entrants/leaders needed. 

• Overall, the projects are good choices and logical steps to improve access to quality data related to hydropower. 
The work is aligned with goals and objectives. The key to this work’s effectiveness, however, will be in making 
sure people know HydroSource exists, is a great resource, and is easy to use. Communication is key. Workforce 
development is also looking into the right areas in terms of identifying what the needs are and the tools for filling 

the coming gap. There were questions about whether the research is inclusive in what it considers a hydropower-
relevant field. Certainly, colleges and universities have moved quickly ahead in terms of majors that are directly 

related to the field. In many cases, they are ahead of where the industry is. The reviewer wondered whether that is 

because there is insufficient coursework for future hydropower workers, or because hydropower has fallen behind 

in how it looks at its own operations. It is critical that WPTO find an industry partner for this work. It should be 

owned by industry. The reviewer suggests that the Hydropower Foundation is the best fit, but it needs resources to 

staff up and take the lead. As it is independent from an industry advocacy group, it is better situated to present a 
wider degree of programs to the full spectrum of stakeholders in the hydropower community. 

• A subsequent presentation covered details from the report, but this presentation did not get into specific 
questions from reviewers. Understanding and predicting the need for early recruitment based on data on 
the current workforce age and workloads in the next decade is a great approach to addressing workforce 
challenges. Clarifying specific areas within hydropower facing retirements would be necessary to fully utilize 
this report. Additionally, a breakdown of degrees considered to be in line with hydropower needs would be 
helpful. Some attention should be paid to how this program measures success as well. This was touched on in 
the discussion after the presentation but not with enough time to follow up.  

• The strategy for this program seems a bit unclear, and the program seems to suffer a bit from being spread 
perhaps too thinly across the three primary areas (data access, data analytics, and workforce development). The 

program would probably benefit from WPTO trying to better focus the three distinct areas into a more cohesive set 
of goals or strategy. This also seems to result in the program resources being scattered thinly across a number 
of different initiatives, thereby reducing the overall effectiveness of the program. The collegiate competition is a 
great idea, and the reviewer thinks that should be expanded and/or supplemented with a broader reach for the 
competition and a scholarship program. The workforce development goal would benefit from both. Expanding 

reach into the education community will also help. More effort should be put into reaching more students about 
available opportunities. It sounds like this important program is supported by only a very small budget. (The 

reviewer thinks the presenter said 2%.) The reviewer would recommend expanding funding support for these 

important hydro education and workforce development programs. Data access is really important, and the 
reviewer thinks this is a terrific program area. However, to be effective, the data access elements of the program 

really need to strive to get the word out. It does little good to make the available data accessible if people still 
do not know the data exists and where they can find it. WPTO should emphasize communication and marketing 

throughout this program area—get the data into the hands of the people who are most likely to use, and increase 
communications about data availability and access within the educational community where most researchers 
reside (as students, graduate students, fellows, and professors). From the presentation, the reviewer had a 

hard time really determining how and what progress has been made relative to the original program schedule. It 
seems that good progress has been made in most areas, but the reviewer suggests that in future updates and 
peer reviews, more detail is provided about progress with program elements relative to the schedule. If there are 

reasons why progress has been delayed, those should be explained as well. 
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Project Evaluations 
STEM/Workforce 
NREL 

WBS: 1.4.2.403 

Presenter(s): Elise DeGeorge 

Project Start Date: 10/01/2018 

Planned Project End Date: 09/30/2020 

Project Description 
As interest in renewable energy grows, water power technologies will continue to play a robust and growing role. 
However, the industry needs new talent to spur innovation and to support industry needs. 

NREL has a long track record of working to address educational needs across the renewable energy spectrum. 
Leveraging this track record, this project brought the Hydropower STEM Portal to water power stakeholders with 
information from a multitude of sectors and partnerships with the Hydropower Foundation, the National Energy 
Education Development Project, and others. The team has also sought to integrate activities with the Bonneville 
Environmental Foundation to increase dissemination opportunities and interfaces. The purpose of the portal is to be a 
one-stop shop for information geared toward inspiring the next-generation water power professional. 

NREL also leverages experience engaging with stakeholders to understand barriers to technology adoption to identify 
issues and drivers, provide feedback to the R&D community, work to clarify misperceptions, and inform decisions to 

facilitate market adoption. The outcome of this work is a more successful and diverse water power industry based on 
a motivated and better-trained workforce. 
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Aggregated Reviewer Comments 
• The project objectives, engagement with representative end users during the project, and performance were 

all excellent. Looking at slides 9, 12, and 13, in particular, this project has done a lot to engage end users 
and disseminate outputs, but the reviewer does not think they would have come across the portal outside of 
being a reviewer. The reviewer did use the STEM for Hydropower Portal to find some hydropower engineering 
courses in which they would be interested. The reviewer also forwarded a link to a coworker’s niece, who is still 
in high school and asked about working in hydropower and being an engineer versus a mechanic. In particular, 
the reviewer advised her to check out the Career Pathways page with lots of short day-in-the-life videos from 
diverse career tracks. The reviewer heard another mention reaching out to the Society of Women Engineers, 
which is great. The reviewer recommends also reaching out to the Society of American Military Engineers (the 
Portland chapter has a lot of USACE folks), the IEEE (hydroelectric power subcommittee), and the American 
Society of Mechanical Engineers (hydropower technical committee). The reviewer thinks there are lots of 
engineers who would be happy to pass on a helpful link to a young student, just like they did. 

• After reviewing the presentation and much of the referenced material, the reviewer is greatly impressed at 
the overall organization and outreach from this program. The STEM portal is particularly impressive as are the 
videos of the daily lives of various participants in the hydro industry. The reviewer is currently on an advisory 
board for the engineering department at their alma mater and will share much of this material with them. In 
addition to providing a basis for new workforce members, this provides valuable information and credibility to 
the general public for the hydropower industry. This undertaking needs to be continued. 

• Regarding this project’s strengths, much of the three-pronged approach makes a lot of sense and is presented 
in a good way. The Marine Energy STEM Portal contains helpful information and is presented nicely. Conducting 
a school survey is an excellent first step to figure out the baseline of educational offerings. The outputs and 
planned future work are all well thought out and strategic. In particular, working with industry is planned and 
needs to be the center point of this effort. It is good that effort is made to redress the lack of representation 
by women and minority groups in the traditionally white and male-dominated hydropower industry. Regarding 
minor weaknesses, it is not clear how much the program is involved in workforce and education efforts at 
the EERE level, at DOE, and with other U.S. government offices. There are a number of missing ingredients 
from other EERE, DOE, and U.S. government resources and industry information. It may be that more is being 
done, but in 18 slides, this is not evident. For example, consider connecting with other key U.S. government 
resources, like U.S. Department of Labor resources such as the Renewable Energy Competency Model. 
(Note that this identifies skills needed until one reaches water.) The National Science Foundation is a key 
funding organization for Ph.D. students to work on hydropower issues. It is not evident that this is happening. 
While the Hydropower STEM Portal is nicely done and well laid out, there is nothing about efforts to work with 
other EERE renewable energy programs to present a common renewable energy approach to workforce. This 
is especially important in the K-12 space as effort should be on getting kids interested in renewable energy 
and providing information about marine and hydropower as part of that as a secondary concern. It is excellent 
that there is an advisory committee advising DOE on workforce development issues for hydropower, but the 
charter seems more focused on education than on workforce development opportunities. There is also not 
enough information to know if coordination is happening between industry players and undergraduate clubs, 
such as the Society of Women Engineers and other relevant clubs that university students look to for career 
information and active engagement. There was a mention of creating internships, which is critical to recruiting 
new talent, but more are needed. The most evident weakness is there does not seem to be enough of a 
concerted effort to meet a larger swath of students where they are beyond those involved in the Hydropower 
Collegiate Competition and internships/fellowships. Industry needs to adopt a more coordinated, dedicated, 
and strategic effort to attract and recruit new talent given how long they have been aware of impending 
retirements. It would be good to look more holistically and strategically at hydropower workforce issues from a 
student/potential employee perspective. While the collegiate competition is likely to be a fantastic competition 
and opportunity, the students who are able to participate are at the whim of those higher ed institutions that 
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have the bandwidth and interest in participating, so it is critical to be mindful that undergraduate and graduate 
students at other institutions should be apprised of opportunities to learn about water energy jobs. A lot of 
new majors (such as environmental science, materials science engineering, environmental engineering, and 
biological science) would have the skills to work in hydro and marine energy but are not aware of opportunities 
or necessarily need to take courses being developed. Also, some of these majors are majority female and could 
be a good way to deal with DEI issues. 

• Excellent work instituting a plan to address workforce issues identified in the larger data and analytics section. 
The outcomes track new hires and new students in the hydropower industry. Attention needs to be paid to 
degrees categorized as a path to hydro as this can look very different across industry and resource agencies. 
The reviewer also recommends including a broader approach to outreach for university involvement and a goal 
for diversity and inclusion standards across the industry. 
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