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SUMMARY
The Nuclear Science User Facilities has been working with the National
Organization of Test, Research, and Training Reactors to collect input from the
US university reactor community on their current and future needs. The effort
started with a web survey to collect initial data. NSUF held a follow-up
workshop at the Center for Advanced Energy Studies in Idaho Falls. Four areas
of interest were identified by the university research reactor community that can
affect future operations and sustainability of the reactors: capital infrastructure,
regulatory burden, staffing and knowledge transfer, and utilization and relevancy.
Members of the community presented challenges and best practices from their
facilities. Discussions were held to create and distill the list of challenges for
each area. A working group was formed for each area to continue the discussion
and prioritize the challenges. NSUF and the working groups created this
recommendations report to document the progress of this study. TRTR will
provide additional input from the university research reactor community for input
into the NSUF Nuclear Energy Gap Analysis Report for FY2020, which may be
used to inform the FY2021 Scientific Infrastructure FOA.
The following items were identified during the study as being high priority
issues for the US university research reactor community:
Infrastructure:
• Identification of replacement schedule and costs across all the reactors.
• Applicant labor costs for upgrades and basic infrastructure upgrades are not covered
by FOA award.
Regulation and Licensing:
• Lack of effective process for clarifying regulatory interpretations.
• Uncertainty and perception of regulatory risk in making facility changes.
Staffing and Knowledge Transfer
• Sharing best practices on documentation and knowledge transfer between facilities.
• Increasing knowledge sharing between national laboratories and universities.
Utilization and Relevancy
• Developing funding to support utilization infrastructure and staff.
• Communicating the capabilities and impact to universities and funding agencies.
These items are discussed in detail in the body of the report, along with proposed solutions.
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NSUF University Research Reactor
Fitness Study Report
1.
1.1

BACKGROUND

Purpose of this Report and the Study

The nation’s fleet of Test, Research, and Training Reactors (TRTRs) serves as a vital resource for
educating the next generation of nuclear engineers and as a flexible testbed for innovative reactor
technologies. The reactors typically have a very small staff with responsibilities ranging through research
and operations, isotope production, regulatory compliance, facility maintenance, and university teaching
obligations. This large set of requirements leaves little time for performing future outlook and preparing
for major upcoming work. As the fleet continues to age, many facilities will require major renovations
with significant capital costs. At its peak, the United States was home to over 80 facilities; however, today
there remains only 24 colleges and universities who offer access and training at a fully operational nuclear
reactor. The proposed work will conduct a comprehensive survey of all TRTR facilities to provide a
complete posture review of the fleet.

Figure 1. Operating US University Research Reactors. [1]

1.2

Background of this Study

The Nuclear Science User Facilities (NSUF) has been working with the National Organization of
Test, Research, and Training Reactors to collect input from the US university reactor community (see
graph in Figure 1 above) on their current and future needs. Initial discussions with TRTR began at the
2017 annual meeting of TRTR, held in San Diego, CA. This study began with a web survey in March
2019 to collect initial data and identify areas of concern. NSUF held a follow-up workshop in July 2019
at the Center for Advanced Energy Studies in Idaho Falls. We identified four areas of interest in the
university research reactor community that can affect future operations and sustainability of the reactors:
capital infrastructure, regulatory burden, staffing and knowledge transfer, and utilization and relevancy.
Members of the community presented challenges and best practices from their facilities. Discussions were
held to create and distill the list of challenges for each area. A working group was formed for each area to
continue the discussion and prioritize the challenges. Preliminary results were presented at the 2019
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Annual meeting of TRTR, held in Idaho Falls, ID. Feedback was received from the community during
that meeting. NSUF and the working groups have created this recommendations report to document the
progress of this study. TRTR will provide additional input from the university research reactor
community for input into the NSUF Nuclear Energy Gap Analysis Report for FY2020.

1.3

Background of University Reactor Support from DOE/AEC

The Department of Energy–Office of Nuclear Energy and also the Atomic Energy Commission have
supported US university research reactors since the beginning, seeing them as vital tools for teaching,
education, and service work for the advancement of peaceful uses of nuclear technology.
DOE-NE supplies fuel to these reactors as well as funding for infrastructure to support and improve the
safety, performance, control, or operational reliability of the research reactor, including security/safety
enhancements required by the federal/state/local regulatory agencies and for equipment and
instrumentation that significantly improve or expand the research, instruction, training capabilities, or
operating capabilities related to NE program missions (e.g., utilization or handling of radiological or
radioactive materials) of the research reactor facility, including radiation detection and measurement
equipment.
The current vehicle for this support is the Scientific Infrastructure Support for Consolidated
Innovative Nuclear Research Funding Opportunity Announcement (DE-FOA-0002129) for FY2020. The
average annual budget for the reactor upgrades area ranges between 2.5-3MM$. Since 2009, this program
has funded 82 projects at all 24 universities, allocating a total of $27,106,146. [2]. The largest projects are
typically reactor control console and safety system upgrades or replacements. Control consoles monitor
reactor power, fuel temperature, and radiation levels and provide both control of the reactor and safety
shutdown functions. They are vital to the safety and utilization of the reactor facilities. Console projects
are usually 2-3 years and 1-1.5MM$. They tend to be complex projects requiring significant planning,
execution support, and licensing efforts.
The Research Reactor Infrastructure (RRI) program supplies fuel to the university reactors through a
parallel program. Funding for both programs flows through the DOE-NE University Program (NEUP).
The Nuclear Science User Facilities (NSUF) administers the Scientific Infrastructure FOA for DOE-NE
and Idaho National Laboratory administers the RRI fuels program.
While the infrastructure and fuels programs have been vital for the survival and continued excellence
of the US university research reactor community, it is expected that recommendations resulting from this
study may fall outside these traditional means of support.

2.

PROCESS OF THIS STUDY

NSUF leads this study, with support from INL Systems Engineering and the TRTR universities. This
work was supported by the U.S. Department of Energy, Office of Nuclear Energy under DOE Idaho
Operations Office Contract DE-AC07- 051D14517 as part of the NSUF infrastructure management
activities.

2.1

Survey – April-May 2019

A Qualtrics web survey was performed from April to May 2019 to gather information on challenges
and opportunities associated with university research reactors. Contact information was gathered for all
25 of the university research reactors (URR), and a survey invitation email was distributed in March
2019. Several follow-up emails and direct phone calls were required, but 23/24 universities responded to
the initial survey (96%). Some universities made multiple responses after gathering additional
information.
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Survey questions were generated by NSUF and the TRTR collaborators. They are focused in three
areas:
1. Infrastructure
a. Have you completed a full replacement of your control console in the last 10 years?
b. Are you planning on completing a full replacement in the next 10 years?
c. Are you planning a digital Instrumentation and Controls (I&C) upgrade?
d. Are there upgrades at your reactor needed to support future maintenance, i.e., vacuum tubes,
electronics, or software not currently supported that should be replaced?
e. Do you have any safety significant equipment for which you do not have spares?
f.

Do you have any current single point failures?

g. Are there any upcoming big-ticket items at your reactor, other than consoles, that should be
reviewed/discussed?
h. Are there any safety (CAMS, detectors, etc.) or increased utilization upgrades (such as increased
cooling/power level/Ar-41 mitigation) that could immediately benefit the reactor?
i.

Are there any systems or components at your facility with chronic recurring issues?

2. Regulation and Licensing
a. How do you perceive that the regulatory environment has changed over the last 10 years?
b. How do you perceive that the regulatory burden has changed over the last 10 years (i.e., time
spent on licensing, inspections, and compliance activities)?
c. Are there any significant regulatory challenges associated with instrumentation and control
system upgrades that are beyond the capability of your facility?
d. Current rulemaking underway by the licensing branch of the U.S. NRC will reclassify research
and test reactors into the Non-Power Utilization Facility status and begin to implement indefinite
licensing periods for the facilities. How will you deal with this?
e. Once the first revised Safety Analysis Report (SAR) is submitted, would a lessons-learned benefit
the TRTR community?
f.

When was your SAR last reviewed?

g. When was your last significant licensing action (License Amendment Request [LAR] or
relicensing) or major facility change? (please explain)
h. What process do you use to fill out and evaluate 10 CFR 50.59 facility changes?
3. Staffing and Knowledge Transfer
a. What changes do you see in the coming 3, 5, 10 years for your facility staff?
b. Does your facility have a succession plan?
c. Do you have the resources to perform a major licensing action coincident with a major facility
update?
d. Provide an estimate of the various time allocations facility staff must put toward education,
operations, regulatory compliance, and maintenance.
e. State the number of staff, % of full-time staff, % of teaching faculty, and number of student
operators.
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f.

Please breakdown your staff members and experience (e.g., Reactor Director = 22 years,
SRO1 = 5 years, electronics technician = 2 years, etc.).
g. What sort of help could your facility use with respect to staffing and/or knowledge transfer?
h. Are you active in the TRTR community? (attendance at TRTR events, etc.)
i. Are you aware of the DOE-NE Research Reactor Upgrades funding program?
j. Do you plan to receive or ship fuel in the near future?
k. Do you have the staff/resources to perform this activity?
The specific results from the survey are maintained by NSUF but are not replicated in this report.
Some facilities requested anonymity due to the sensitive nature of the questions. Each area is broken into
additional detail below, along with over-arching issues arising from the survey results. General survey
responses and limited data analysis are provided in Appendix A.

2.1.1

Infrastructure
Main areas of inquiry in Survey

Overarching Issues from Survey Data

Control Consoles

equipment aging

Major Infrastructure

equipment obsolescence

Safety Equipment

manufacturer goes out of business

Maintenance

civil engineering (building) issues
digital console conversion
critical spare parts

2.1.2

Regulation and Licensing
Main areas of inquiry in Survey

Overarching Issues from Survey Data

Changes in Regulation

Burden is a drain on facility resources

Facility Change Control

Reluctance to upgrade equipment

Licensing and FSAR

NRC use of nuclear power plant (NPP) contractors for
licensing reviews
Lack of internal SME for analysis to support LAR/SAR
work (contractor vs. training)
Utility of 10CFR50.59 process for changes
Disproportionate impact on smaller facilities
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2.1.3

Staffing and Knowledge Transfer
Main areas of inquiry in Survey

Overarching Issues from Survey Data

Staffing Changes

recruiting and keeping permanent staff

Staffing Requirements

utilization of students (as operators and other roles)

Knowledge Transfer

succession and knowledge retention planning

Fuel Shipments

SME staff vs. flexibility
access to external SME resources
standardized safety analyses, etc.
ease of fuel shipment/receipt

2.2

Workshop – July 2019

The survey results were used by NSUF to organize the workshop to bring the university reactor
community together and refine the issues discovered in the survey. A fourth area, Utilization and
Relevancy, was added for the workshop, arising out of the survey results. The overarching issues here
were:
1. Educational Utilization (courses and laboratories)
2. Research Utilization (graduate and faculty)
3. Commercial Service Work (isotope production, neutron activation analysis, radiography)
4. Diversity of Customers
5. Novel Applications of research reactors
6. Licensing/Regulatory Barriers to Performing Work (1-3).
Eighteen university reactor faculty and staff, representing 15 facilities, attended the NSUF workshop.
The agenda, presentations, and discussions are attached as Appendix B to this report. ThinkTank
collaboration software was used to facilitate discussion and capture the results. Facilitation of the
workshop and expertise in ThinkTank was provided by the INL Systems Engineering Department. In
addition to university representation, both DOE-NE and DOE-ID participated in the workshop. The INL
Senior Leadership Team was represented by Dr. Sean O’Kelly, the Associate Laboratory Director for the
Advanced Test Reactor and the 2019 Chair of the TRTR organization.
The workshop was organized around the four major areas, with a review of the survey results,
followed by two presentations from universities on specific challenges in that area and two presentations
on best-practices or opportunities in that area. The topic area was closed out with a facilitated discussion
(in ThinkTank) of the area, with the goal of identifying a list of challenges. A volunteer from the
university was selected to serve as the working group chair for each area and co-authors for this report.
The second day of the workshop was reserved for working group break-out sessions with the goal of
refining the list of challenges, prioritizing the list, and proposing draft solutions. This effort was later
expanded for the TRTR panel session, and finally this report. The four working group chairs are shown
in Table 1.
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Table 1. University Working Group Chairs.
Focus Area
Working Group Chair

University

Infrastructure

Matthew Lund

University of Utah

Regulation and Licensing

Bruce Meffert

University of Missouri,
Columbia

Staffing and Knowledge
Transfer

Dr. Jeff Geuther

Pennsylvania State University

Utilization and Relevancy

Clive Townsend

Purdue University

The working group chairs led the four breakout sessions at the July workshop to further develop their
topic areas into two main challenges and two proposed solutions. The results of that work are shown
here. Additional discussion during the workshop can be found in Appendix B. Sections 2.2.1 – 2.2.4 are
the product of the university reactor working groups and are not NSUF recommendations to DOE-NE.
Additional work will be performed in FY2020 and any NSUF recommendations will be contained in the
FY2020 Nuclear Energy Scientific Infrastructure Gap Analysis Report (June 2020).

2.2.1

Infrastructure Working Group Results

Problem Statement
The infrastructure of research reactors is over 20 to 60 years old with aged and obsolete components and
equipment. The industry has a very limited number of suppliers and finite knowledge about research
reactor components, system, and integration. Without substantial investment and continued upgrades,
research reactors will no longer be able to operate and meet the required demand for research,
radioisotope production, and education.
Identified Challenges (Discussion Items)
The reactor fitness workshop identified the following key issues with the current reactor infrastructure
including:
• Equipment Aging/Obsolescence – Reactors were constructed in the 1950s-1970s with partial
retrofits of existing systems over the years. Existing control consoles use parts that are no longer
available with mostly custom designed components. Reactor systems such as radiation monitors,
cooling systems, controls, etc. are nearing or past their expected lifetime, needing replacement.
• Civil Engineering (building issues) – Most of the reactor buildings are old with outdated noisy
power systems, old cooling and exhaust systems that fail, and aging infrastructure, all of which
cause regular downtime.
• Digital Console Conversion – Newer console designs use digital components, requiring License
Amendments through the NRC.
• Critical Spare Parts – Critical components and replacement parts are no longer available, such as
control rod drives, instrumented fuel, neutron detectors, neutron monitoring channels, and
electrical components. This prevents the simple swapping of like parts with like parts, forcing
facilities to spend time finding similar components that meet 10CFR50.59 guidelines.
• Equipment lifetime for components is becoming shorter than the time required to get those
components, such as for control rod drives or neutron monitoring channels that take many years
to be designed, purchased, constructed, and approved, by which time the components needed to
build are no longer available.
• DOE grants now only have one no cost extension, which is a problem with projects with long
lead times such as consoles and neutron channels. Several facilities have experienced multiple
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•

•

•

•

•

year delays with manufacturer issues and staffing changes, making it difficult to complete
projects within the anticipated timeline.
No “Off-the-Shelf” Parts – Off-the-shelf parts are not available for research reactors; almost
every component is custom designed. Thus, if a part fails, a brand new component must be
custom designed requiring multiple years for replacement instead of a quick swap. This causes
research reactor to be down for extended periods of time.
Disappearing Vendors – The original manufacturer for reactors and components no longer build
reactors or components or are out of business. This has reduced the number of available
companies with less competition, resulting in increased cost for components and longer lead-out
times. The knowledge of these manufacturers is being lost, along with the design drawings,
component knowledge, and technical support.
Licensing Uncertainty – Facilities experience issues with license uncertainty when upgrading
major components, whether or not those will fall under 10CFR50.59 or requiring a license
amendment. If a license amendment is required, facilities will be shut down for an extended
period of time waiting for a license amendment that may fail to pass or take 2-3 years to be
approved.
Lack of Expertise – Facilities lack expertise in electronics repair, system repair, and licensing to
update or repair existing systems. Facilities with only two or three staff members do not have full
time dedicated staff for repairing reactor systems.
Not Using Lessons Learned from Other Facilities – As facilities start the upgrade process, they
may not be using other facilities to learn from instead of making those same mistakes. For
example, INPO for commercial powerplants creates technical bulletins shared among
powerplants with information about best practices and lessons learned. The TRTR community
shares some lessons learned, but there is no central database of existing parts, components, and
lessons learned for research reactors.

Highest Priority Challenges
The following are the two highest priority needs for research reactor infrastructure:
Challenge #1: Identification of replacement schedule and costs across all the reactors.
Without a detailed systematic mechanism to evaluate plant lifetimes, failure rates, replacement costs,
and timeline, it is difficult for facilities to make cost estimates of how much long term funding they
will need to keep a reactor in good condition and working. A comprehensive database of needs for all
facilities will help the DOE provide funding long term to meet reactor needs.
Proposed Solution
1. Identify replacement schedule and costs across all the reactors.
a. The community will use a standardized format of determining replacement schedules with costs.
The database will be maintained by the TRTR community with DOE anonymized database of the
results to use for requesting funding.
b. Method for evaluation should follow industry standards, for example, the method used by ATR
with a template provided by DOE.
Provide a DOE sponsored audit program with a group of external auditors (DOE or TRTR
members), visiting each facility to help complete initial survey.
c. Submit a final report to DOE asking to fully fund costs discovered in survey.
2. Identify previous upgrade costs and make available to community.
a. Utilize upgrade project designs and costs completed at other facilities as basis for design and
budget basis.
b. Create a more detailed overview of prior year awards, dollar amounts, and final report from the
infrastructure grant that details vendors.
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c. Create database of vendors, components used in research reactors, lessons learned, challenges,
design strategy, etc. available to research reactors.
Challenge #2: Applicant labor costs for upgrades and basic infrastructure upgrades are not covered by
FOA award.
Organizations are responsible for a large part of the upgrades, which they may not have the financial
ability or human manpower to provide, preventing them from completing needed updates.

Proposed Solution
1. Make available smaller grant opportunities to cover design study and preparation for larger
projects.
2. Update the FOA to reflect current University Research Reactor needs by:
a. Including basic civil infrastructure upgrades, such as power or ventilation.
b. Include applicant labor costs for upgrades into proposals.

Path Forward
1. Secure DOE funding and support to create a database of replacement schedules.
2. Create a database of costs using a standardized format.
3. Submit a report to DOE outlining long term funding needs per year with request to support
building infrastructure and internal labor costs.
4. Create accessible database of vendors, components, and lessons learned regarding research
reactors.

2.2.2

Regulation and Licensing Working Group Results

On July 17, 2019, during the Reactor Fitness workshop, a working group consisting of about six
persons representing six separate research reactor facilities gathered to brainstorm the existing challenges
research reactors face in facility licensing and regulation. Then, this small working group presented the
entire list of challenges to all workshop participants. A facilitated discussion boiled the list down to five
(5) challenge statements. Anonymous computer voting reduces the list down to the two (2) most
important licensing and regulation challenges for the entire research reactor community.
The agreed upon two challenge statements generated from this working group are:
Challenge #1: Lack of effective process for clarifying regulatory interpretations
The research reactor community has a few long-standing standards and regulations which are open
for interpretation. The licenses and the regulator all need to have the same, consistent interpretations
for these on-going topics. Otherwise, the licensees are at risk of not conforming to a standard or
regulation if interpreted differently by the regulator. Though these interpretation topics have been
brought up at American National Standards Institute/American Nuclear Society (ANSI/ANS) 15
standards’ meetings and at annual Training, Research, and Test Reactor (TRTR) meetings, the
licenses and the regulatory have not come to common interpretations.
Proposed Solution - Lack of Effective Process for Clarifying Regulatory Interpretations
•

Share past Nuclear Regulatory Commission (NRC) decisions on interpretation to establish precedent.

•

Increase interaction between the NRC and TRTR community. The ANS/ANSI standards committees
can only do so much.
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•

Have the TRTR community submit written interpretation requests to the NRC and have them
docketed.

•

TRTR effort to send a letter to the NRC with examples of how we have been impacted by the
regulator's subjective interpretation of regulations and the delay on clarification.

•

Have a dedicated “program manager” NRC staff member track, review, and report on these issues.

•

Mandate a turnaround time for questions on regulation interpretations.

•

Suggest DOE-NEUP support generic analyses for MTR and TRIGA-type reactors. These analyses
can provide high-level guidelines and consistency for setting facility safety limits.

•

TRTR should create a consistent message on interpretation and then tell NRC our interpretation on a
docketed document. TRTR licensees should take the lead.

Challenge #2: Uncertainty and perception of regulatory risk in making facility changes.
In addition to the risks of interpretation of standards and regulation, the license has both a perceived
and actual regulatory risk when making a change to a facility. Significant engineering and licensing
evaluation must take place prior to making a change. This evaluation and documentation require a
significant investment by the licensee, especially for small facilities with less than five (5) full-time
staff. Also, different NRC inspectors have come to different conclusions than both the licensee and
other NRC inspectors on decisions such as whether a facility change requires a license amendment or
can be performed under the 10 CFR 50.59 process, and there are differences in opinion of the
required robustness of 10 CFR 50.59 process. Fear of regulatory risk and/or the regulatory burden of
the required documentation is a reason why some facilities have not made improvement changes to
their aged facilities. The consequences of not managing aged facility issues could be a future safety
or reliability issue for these facilities.
As the two-day workshop was ending, participants proposed solutions to the above two (2)
challenges. The following lists are raw, unrefined lists of solutions for each of the two challenges.
One of the near-term tasks for the working group will be to consolidate the lists into focused,
well-defined solutions.
Proposed Solution - Uncertainty and Perception of Risk in Making Facility Changes
•

Suggest DOE-NEUP support generic analyses for MTR and TRIGA-type reactors. These analyses
can provide high-level guidelines and consistency for change evaluations.

•

Suggest DOE-NEUP support specific analyses for research reactors on a case-by-case basis. These
analyses may or may not be in support of DOE-NEUP grant purchased equipment. However, it is
highly suggested that DOE-NEUP support the safety evaluation required to implement DOE-NEUP
purchased equipment. Lack of staff to properly conduct safety evaluations has been a reason
DOE-NEUP purchased equipment has not been installed in a timely manner or small facilities have
not applied for NEUP funding.

•

Consolidate all 50.59 screenings TRTR wide to understand collective screening threshold.

•

Have the TRTR community share successful license amendment requests (LARs) with dockets
numbers for others to use a basis for their LARs.

•

Have standardized examples of 50.59 evaluations for various systems that all TRTRs have such as
rod control, protection systems, indications, etc.

•

Create a 50.59 guideline document with TRTR examples similar to the Nuclear Energy Institutes
document NEI 96-7. Once the document is finalized, have the NRC endorse the document with a
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new NUREG just as the NRC has done with NEI 96-7. A different working group met for the first
time in October 2019. A draft 50.59 document specific to the TRTR community is in progress.
•

Request NRC create and externally publish a checklist for the LAR process with an expected
timeline. The following LAR steps should be addressed in the checklist:

Phase 0 Meeting
- Application Submitted
- Application Acceptance Review
- Initiation of Application Review
- RAI's sent
- SER sent to the OGC
- Environmental Impact
- Approval
During the annual TRTR meeting in September 2019, this information was provided to the attending
licensees of the community and the regulators present. All seemed to be supportive of this working
groups’ efforts and with the working group proceeding towards solutions in these areas. The working
group leaders have committed to meeting several times per year to work on solutions.
-

2.2.3

Staffing and Knowledge Transfer Working Group Results

The findings presented in this section were based on the meeting of the Staffing and Knowledge
Transfer Working Group at the University Research Reactor Fitness Workshop held in Idaho Falls in July
2019. These ideas were formed by the entire committee and are presented in an interpreted form, but they
do not represent the exact opinion of any one individual. The ideas were compiled in a brain-storming
session and then were discussed and voted upon by members of the RTR community in order to prioritize
the list. The priorities identified at the workshop (“Proposed Solutions” below) would require some
federal assistance in the form of expertise or funding, but would have a significant impact in the quality of
research reactor programs at universities by assisting small programs in learning from and emulating
larger, more well-established programs. The university RTR community as a whole is accustomed to
cooperation toward the common goal of improving nuclear education, safety, and research, as reflected in
the solutions proposed herein.
In general, the community has proposed ideas that require small amounts of assistance as a means of
enabling the mobilization of willing support from peer reactor programs or as a means of leveraging
expertise at DOE laboratories.
Identifying Challenges
Challenges regarding staffing and knowledge transfer were largely related to the varying size of RTR
staff. The largest university reactor facility has nearly 200 employees, while several institutions are
staffed by a single salaried staff member with support from student operators. Every facility, regardless
of its level of staffing, needs to satisfy its license and operate without undue risk to the public. Certain
documentation and maintenance requirements will thus exist at each facility, including the performance of
emergency preparedness exercises, license-required surveillances, the performance of requalification
training, etc.
Small facilities with restricted funding have to meet this obligation but are often at risk of having a
single staff member retire and take priceless experience and tribal knowledge with them. Smaller
facilities also face challenges when trying to support major licensing actions, such as requests for
additional information (RAI) responses, performing SAR revisions and analysis, and writing license
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amendment requests. Furthermore, smaller facilities may be challenged to produce high-quality,
well-written procedures.
The community identified many challenges related to staffing and knowledge transfer during the
Research Reactor Fitness Workshop, including:
1. Staff retention;
2. The effective utilization of student operators;
3. Maintaining support for tours without the availability of funding (such as the Reactor Sharing
program);
4. Maintaining and organizing important drawings and documents, such as SAR basis documents;
5. Increasing knowledge sharing between national laboratories and universities, e.g., funding the use
of outside expertise, in particular when performing analysis for the SAR;
6. Maintaining adequate staffing for major license actions such as LARs and SAR revisions;
7. Sharing best practices on documentation and knowledge transfer between RTR facilities.
Highest Priority Challenges
The two challenges that were voted to have the highest priority were: sharing best practices on
documentation and knowledge transfer between RTR facilities; and increasing knowledge sharing
between national labs and universities.
Challenge 1 - Sharing best practices on documentation and knowledge transfer between facilities
The varied staff size and resource availability between university RTRs creates an opportunity for
large facilities to share expertise and best practices with smaller facilities. The challenge lies in
identifying what information would be beneficial if shared between facilities. The federal regulations
governing the safe operation of RTRs are universal. However, each RTR has a unique set of procedures
and other documents which guide its operations, and it can be surprising to see what different methods are
used successfully at other reactors. Peer audits are a very useful tool in this regard, by providing an
opportunity for a representative to travel from one reactor facility to another to review processes and
provide input based on their own experience at another institution. This process can be accelerated and
promulgated by the availability of funding to support travel expenses from sending staff to support audits
and technical work at other institutions.
Proposed Solutions
The solutions proposed by university RTR community members for the challenge of sharing best
practices and improving knowledge transfer between facilities were the following:
•

Establish funding (ideally provided by DOE) to pay for travel expenses incurred during
inter-university peer reviews. The cost of a peer review would be the travel and lodging expenses of
a single individual over a one to five-day audit. Therefore, it is reasonable to expect a cost of
~$1000 - $2500 per review.

•

Establish funding to enable “tiger teams” of experts from RTR institutions to provide technical
assistance at a facility with a need for support. For example, a small facility without an electronics
engineer or technician could request support from a larger facility with personnel experienced in
repairing reactor electronics. The cost of this program would be slightly higher per event than that of
a peer review due to the possibility of several institutions simultaneously contributing help but would
be far less expensive and time consuming than procuring new equipment. With a dwindling number
of control console equipment vendors and the prevalence of license-required electronic equipment
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with long lead times and high costs, these “tiger teams” have the potential to allow small facilities to
efficiently and inexpensively maintain operability.
•

Form a TRTR-sanctioned committee to develop a best practice document for conducting
inter-university peer reviews. This is a “zero cost” solution that would ensure that peer reviews are of
high quality and adequately cover the required scope.

•

Form a funded TRTR working group with a focus on documentation and preserving best practices.

•

Add a section to the TRTR newsletter to share best practices (e.g., a “Manager’s Corner” section).

•

Encourage RTRs to develop methods of approving personnel from other facilities as trustworthy and
reliable in order to facilitate sharing of information.

Path Forward
The proposed path forward to improve sharing of best practices and knowledge transfer between
facilities is to request DOE funding for peer reviews to be conducted by members of the university RTR
community at peer institutions. These reviews would be based on a set of best practices endorsed by
TRTR, Inc. and developed by a TRTR committee. A similar program would provide travel funding for
technical experts to travel between RTRs to share expertise and provide technical assistance.
Challenge 2 - Increasing knowledge sharing between national laboratories and universities
It is apparent that many university RTRs lack the budget to maintain a large technical staff. Certain
technical expertise is crucial when performing SAR analysis or for a license amendment request, but is
only of temporary necessity. A small RTR would struggle to justify, for example, hiring a full-time
expert in thermal hydraulics, but may need assistance in designing and interpreting a RELAP5-3D model
of their core when applying for an increase in their license power limit. This expertise exists at national
laboratories, but channels to allow RTRs access the national lab experts and request assistance need to be
established.
Proposed Solutions
A variety of potential solutions to this challenge were proposed by the community. These include:
•

Creating a point of contact list containing contacts at national laboratories who can support efforts at
research and test reactors;

•

Providing DOE-created generic safety analysis for common reactor types to be documented in
peer-reviewed publications. This would alleviate the burden and opportunity for error of having
every facility perform a unique safety analysis for their facilities, especially when several designs
(i.e., TRIGA and MTR) share common characteristics across the RTR fleet.

•

Establishing a small budget at DOE to support university reactors, through technical outreach and the
use of expertise at national labs;

•

Establishing a DOE proposal program to request technical support. This program would be
competitive, available year-round, and would be used to provide technical expertise that may not exist
at small facilities.

Path forward
The proposed path forward for the challenge of increasing knowledge sharing between national labs
and university RTRs is to establish a DOE proposal program to allow university RTRs to request
technical assistance from lab experts. This assistance may be used to check or develop reactor physics or
thermal hydraulics models or to do other technical work that is outside the scope of day-to-day reactor
operations and, therefore, may be outside the expertise of university reactor staff. Furthermore, the
laboratory expertise can be leveraged in a more general way by developing peer-reviewed and published
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safety analysis for common RTR designs such as TRIGAs and MTRs. Access to laboratory experts
would increase the quality of safety basis calculations and would alleviate the significant burden of
having to hire consultants or permanent staff with specific expertise that is only required during licensing.

2.2.4

Utilization and Relevancy Working Group Results

The fourth working group of the URR Posture Workshop was focused on the Utilization & Relevancy
of facilities. The working group noted the extremely broad nature of the capabilities that are available at
universities, usually due to the variance in power of the respective reactor. This power can range from
watts to megawatts and the mission statements are just as broad. As with other working group areas,
challenges were identified, down selected, and solutions proposed.
Identifying Challenges
The challenges identified by the participating facilities had a common theme of communication
issues. For many, the faculty at the university lack connection with the capabilities of the reactor. Because
the faculty, who are responsible for carrying out the educational mission of the university, do not
understand the facility, they cannot implement its offerings in laboratory or other course work. By their
very nature, any operational university research reactor will be able to demonstrate some fundamental
nuclear engineering principles such as approach to criticality and rod worth measurement. However, if
faculty are unaware of the reactor’s status, it will remain underutilized.
Some reactor personnel also noted challenges when returning to a fully operational status following
an extended shutdown. Because the customer base must move elsewhere after the facility is inoperable for
an indefinite time period, regionally competing facilities will take up the workload. Invested time in
learning how a new facility works and getting requisite approvals creates a loyal customer base which is
not eager to return to their original neutron supplier. Restoring reactors following major infrastructure
upgrades remains a challenge.
Facilities with lower power level noted their struggle in communicating commercial capabilities to
suppliers. While the heavy lifts are done by the larger governmental sites (such as NIST, ATR, and
HFIR), the wait time for experimental slots can be prohibitive. However, customers remain difficult to
identify due to a lack of communication between the rejected scientists and the operational staffs at
smaller facilities.
Finally, challenges were expressed regarding the licensing and regulatory barriers to potential work.
Customers, both faculty and external to the university, had approached the staff, but schedules were
unable to be formed due to the (real or perceived) risk and uncertainty in licensing timeline. The effect on
regulatory work was especially pronounced for those facilities with staffs between one and ten FTEs. The
regulatory barrier is also realized in infrastructure grants. Multiple attendees voiced their hesitancy to
apply for Department of Energy money due to their inability to execute the modification licensure after
purchase. Researchers and commercial customers created unrealistic timelines to make modifications
which appear trivial to an outsider and daunting to a seasoned veteran. From these challenges, the highest
priority issues were identified.
Challenge #1: Develop funding to support utilization infrastructure and staff
Proposed Solution:
To address these issues, the working group would encourage an additional separate funding category
specifically geared toward expanding utilization at facilities. Utilization of the reactor and recognizing the
role of these critical assets could be a multiagency effort. For example, the Department of Energy and
Defense can find value through fundamental research while for the Department of State the intelligence
services can increase utilization by recognizing the human capital which has a specialization in novel
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reactor designs and operations. Additional funding in the form of a percentage of an FTE or graduate
student fellowship would significantly alleviate burden on facility staff.

Challenge #2: Communicate capabilities and impact to universities and funding agencies
Proposed Solution:
Communication was the second main obstacle identified. To resolve some of the noted categories of
misunderstanding and relevancy deficiency, the community must provide success stories of how funding
has had impact on the operations, education, and research mission fronts. All research and test reactors
should work together show these funding agencies the various avenues in which contributions are being
made and the role that is played in the critical national infrastructure. Open and transparent metrics which
communicate different value across the community would aid customers in identifying potential
alternatives to the government facilities. These metrics should value all aspects of the research process
including but not limited to ease of access, license flexibility, staff support capability, unique systems,
reactor power level, and student engagement to name a few.
While the challenges of Utilization and Relevancy are large, the relatively small number of competing
facilities and close-knit nature of the research and test reactor community makes this area ripe for harvest
in the coming years.

2.3

Path Forward – FY2020

The fitness study is intended to be a cooperative effort between NSUF (representing DOE-NE) and
the US university research reactor community. In this spirit, the community is needed to provide input
and analysis of their specific needs, priorities, and timelines. NSUF will incorporate these into the
established infrastructure management activities that it performs on behalf of DOE-NE. The major output
of those activities is the Annual Nuclear Energy Gap Analysis Report, submitted to DOE-NE in June
2020, for FY2020. This document is not publicly released based on the combination of data and
recommendations.

2.3.1

TRTR Panel – September 2019

Two months after the NSUF workshop, the project team presented their interim work at a panel
session during the 2019 TRTR Annual Meeting. The presentations given during that session are attached
in Appendix C. The assembled research reactor community held a spirited discussion during the panel
session. The substance of this will be included by the working group chairs in their specific areas. A
representative from the IAEA referenced the extensive work that the Agency has done across the world
that may be able to support this effort.

2.3.2

Study Report – December 2019

This report (INL/EXT-19-56309) is intended to be a description of the work that was performed in
FY2019 on the Fitness Study. It is intended to be a public document, available to the research reactor
community, and any other interested stakeholders. It does not contain any recommendations from NSUF,
only a summary of the activities and preliminary input from the university working groups.

2.3.3

TRTR White Paper – April 2020

The four working group leads will coordinate the effort with the larger TRTR community to draft a
white paper, based on the FY2019 work, with their main issues, priorities, timelines, and resource needs.
This paper is expected to be delivered to NSUF no later than April 2020 so that it can be included in the
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FY2020 gap analysis report. NSUF intends to include the entire white paper in the report, but may make
recommendations based on all, some, or none of the content.

2.3.4

Gap Analysis Report – June 2020

The NSUF gap analysis captures infrastructure gaps and identifies investments to be made at the
national laboratories via direct program funding or other funding mechanisms and recommendations for
areas of investment at universities that can become focus areas in the university scientific infrastructure
FOA. The recommended projects are developed in response to the DOE-NE request for information
(RFI), surveys that were distributed to the national laboratories’ DOE-NE points of contact, NSUF users,
and Nuclear Energy University Program (NEUP) users, technology workshops, and other avenues. The
University, National Laboratory, Industry and International Input on Potential Office of Nuclear Energy
Infrastructure Investments (DE-SOL-0008318) is available through the NEUP website
(https://neup.inl.gov/SitePages/Related_Documents.aspx). The RFI is usually open through May of each
year to provide input to the NSUF gap analysis.

2.3.5

FY2021 CSIS FOA – July 2020

Focus areas for the infrastructure FOA can come from a variety of sources. NSUF uses the gap
analysis to inform this FOA. It is expected that new areas of support for research reactors could come
through this FOA. NSUF would make recommendations to DOE-NE, who have the final decision.

2.3.6

Outreach Efforts – Late CY2020

Presentation of the results of this study and any new policy approved by DOE-NE would be presented
to the research reactor community at the 2020 TRTR Annual Meeting in Chicago, IL in September 2020
and to the larger nuclear community at the American Nuclear Society Winter Meeting and Nuclear
Technology Expo in Chicago, IL in November 2020.

2.3.7

Program Review – FY2021

In order to review the progress of the program and any new initiatives, a periodic review should be
performed. NSUF would perform this as part of the annual gap analysis process. TRTR can perform
their own assessment and provide input to NSUF and/or DOE-NE.

3.
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Appendix A
Survey Results
The summary data from the survey are presented here. Only a minimum of editing has been done to
preserve the intent of the community in providing their input.

Infrastructure Topic Area
Control Consoles
Question
Have you completed a full replacement of your control console in the
last 10 years?
Are you planning on completing a full replacement in the next 10 years?
Are you planning a digital I&C upgrade?

Yes

Percentage

2

9%

9

40%

9

100%

Major Infrastructure (not consoles)
Are there any upcoming big-ticket items at your reactor, other than consoles, that should be
reviewed/discussed?
Reactor and Radiation
Equipment

Civil Engineering

Other Infrastructure

Nuclear Instruments &
Detectors(2)

Reactor Pool liner, concrete
repair, liner replacement(4)

Hot cells, beam laboratory, other
major experimental upgrade (4)

Reactor Safety System

Reflector replacement

Fuel storage location and cask

Control Rod Drives, magnets,
blades, etc. (3)

Cooling system
repair/upgrade(5)

Security/access control system

Reactor Bay ventilation,
Emergency exhaust (2)
Reactor bay crane replacement
(2)
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Safety Equipment
Do you have any safety significant equipment for which you do not have spares?
Reactor and Radiation Equipment
Nuclear Instruments & Detectors(7)
Reactor Safety System (9)
Control Rod Drives, magnets, blades, etc. (9)
Continuous Air Radiation Monitors(4), Area Radiation Monitors (3)

Are there any safety (CAMS, detectors, etc.) or increased utilization upgrades (such as increased
cooling/power level/Ar-41 mitigation) that could immediately benefit the reactor?
Reactor and Radiation
Equipment

Civil Engineering

Other Infrastructure

Nuclear Instruments &
Detectors(3)

Cooling system
repair/upgrade(8)

Hot cells, beam laboratory, other
major experimental upgrade (4)

CAM(8), ARM(5), survey
instruments(2), portal monitor,
personnel dosimetry, stack
monitor

Reactor Bay ventilation,
Emergency exhaust

Fuel storage location and cask

Reactor bay crane
replacement

Analysis help for power uprate
(4)

Maintenance Support
Are there upgrades at your reactor needed to support future maintenance?
Reactor and Radiation Equipment

Civil Engineering

NI(legacy x2), Console parts,
computer(10), chart recorders(3), BF3 and
vacuum tubes
Reactor Safety System
Control Rod Drives, magnets, blades, etc.
(4)

Cooling system repair/upgrade

CAM(2), ARM(2) (software & firmware)

Reactor Bay ventilation(2)
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Are there any systems or components at your facility with chronic recurring issues?
Reactor and Radiation Equipment
Console (5)

Civil Engineering
Reactor Pool liner (2)

Nuclear Instruments & Detectors(6)
Reactor Safety System (2)
Control Rod Drives, magnets, blades, etc. (5)
CAM, ARM(2)

Do you have any current single point failures?
Reactor and Radiation Equipment

Civil Engineering

Console (3)

Cooling system repair/upgrade(3)

Nuclear Instruments & Detectors(6)

Reactor Bay ventilation (2), Emergency
exhaust

Reactor Safety System (4)
Control Rod Drives, magnets, blades, etc. (6)
CAM (3)
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Regulatory and Licensing Topic Area
How has RTR regulation changed over the last 10 years? - Security
Regulatory Environment
Source security & HEU,
Security vs. capability to operate challenge(2)

Regulatory Burden

Increased burden(4)

How has RTR regulation changed over the last 10 years? - Inspections

Regulatory Environment
•
•
•
•
•

Regulatory Burden
•
•

Focused on details/not understanding(2),
Differences between inspectors,
Difference between NRC and facility
interpretations,
Lack of understanding of RTR risks (2),
Rate of LER has increased due to NRC
culture shift

Focused on details (2),
Increased burden (5),

How has RTR regulation changed over the last 10 years? – Minimum Regulation

Regulatory Environment
•
•
•
•
•

Regulatory Burden
•

Shift towards NPP-style regulation
environment (3),
Regulations are written for NPP, not
RTR-specific regs (2),
Disregard for "reasonable assurance",
Small RTR staffs make complying with a
strict regulator challenging,
Need more Risk Informed regulation for
RTR
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Shift towards NPP-style regulation
(use of NPP experts for analyses)

How has RTR regulation changed over the last 10 years? - Licensing

Regulatory Environment
•

•
•
•

Regulatory Burden
•
•

Slow responses(4) for: power uprates,
digital I&C approval(2), requalification
plans,
Shift toward M&S rather than operating
data for LAR,
Still too many RFI cycles (2),
Technical capability of NRC staff is
slipping (they need more funding)

•
•

10CFR50.59 process is challenging,
Facility staying with old equipment
rather than upgrading due to
regulatory burden/risk(2),
Increased burden(6), increased RAIs,
NRC staff is use of contractors(3)

How has RTR regulation changed over the last 10 years? – Positive Responses

Regulatory Environment
•
•
•
•
•
•

Regulatory Burden
•

Less adversarial than in NPP sector,
Good environment and support,
Regulator makes a genuine effort to
support RTR community,
Better communication with regulator,
Good working relationship with NRC and
state
Does put RTR risk in context

•

•

no change in licensing or inspection
burdens(3),
Burden has increased, but the NRC
branch has worked with the facility to
succeed
Some of the increased burden was
important to safety

Change Control
Are there any significant regulatory challenges associated with Instrumentation and Control System
upgrades that are beyond the capability of your facility?
Expertise

10CFR50.59
NRC

Staffing

•
•

Human factors/HMI,
Electrical engineering,

Change documentation/10CFR50.59 expertise
•
•

NPP bias in regulation
Short staffing at NRC

Facility does not have staff for Digital I&C upgrade(7)
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What process do you use to fill out and evaluate 10 CFR 50.59 facility changes?
Informal Procedure or
Checklist (8)

Various methods

Formal Procedure (13)

•
•
•
•

NEI-96-07(4),
NEI-01-01(),
EPRI guidance,
RG-1.187

Internal Preparation &
Review

•
•
•
•

Reactor Engineer,
List of qualified "preparers" and "reviewers",
Qualified staff
Reactor Safety Committee(3)

Comments

“only do upgrades that screen out”

Licensing and SAR
What type of support does your facility need to be able to make the change to indefinite licensing
successfully

Area of Need

Count

Percentage of Responses

8

32%

Technical (Legal) Writing

2

8%

Analysis Methods (RELAP)

3

12%

Contractor Help (for analyses)

8

32%

Regulatory Compliance

Additional Staff Support
Good News

4
16%
We already continuously update SAR(2), undergoing
relicensing now without issue(2), no needs(4),

Once the first revised SAR is submitted,
would you like a lessons-learned review?

YES = 100%
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When was your SAR last reviewed?
When was your last major licensing action?

Licensing Activities
12
10

SAR Review

Major Licensing Action

8
6
4
2
0

2019

2018

2017

2016

2015

2014

2013

2012

2011

2010

2009

2008

2002

Staffing and Knowledge Transfer
Staffing Changes
What changes do you see in the coming years for your facility staff?

3 years
Reactor Management

Rx Operations
Staff

Senior Staff

5 years

10 years

2
2

4

7

Normal Turnover

10

5

5

Increase Staff

3

3

2

No Change

2

3

1

Big Losses

1
1

1

Student Operators

4 + increase to
accommodate
growth
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Research Staff

3 years

5 years

10 years

increase to
accommodate
growth (5)

increase to
accommodate
growth

increase to
accommodate
growth

University Reactor Staffing (histogram)

9
8

Professional Staff

7

Count

6
5
4
3
2
1
0

3

6

9

12

15
Reactor Staff

26

18

21

24

27

University Reactor Facility Staff

45
40

Number of
student operators
Number of
professional staff

35

Total Staff Count

30
25
20
15
10
5
0

University Reactor Management Experience

10
9
8

Director
Manager/A.Dir
RSO

7

Count

6
5
4
3
2
1
0

3

6

9

12

15

18

21
24
27
Years of Experience

27

30

33

36

39

42

45

University Reactor Staff Experience
25

20

SRO
RO
Engr Staff

Count

15

10

5

0

3

6

9

12

15

18

21

24

27

30

33

36

39

42

45

Years of Experience

Time Share of Activities
9
8
7

Count

6

Education
Operations
Compliance
Maintenance

5
4
3
2
1
0

10%

20%

30%

40%
Proportion of Time

28

50%

60%

70%

Knowledge Transfer

Does your facility have a succession plan?
YES

NO

14

13

52%

48%

Are you active in the TRTR community?
YES

NO

20

6

77%

23%

Do you have the resources to perform a major licensing action coincident with a major facility update?

Yes

No

Maybe
Need external
technical help

10
37%

4
15%

6
22%

Need
regulatory
help
2
7%

29

Need more
staff in
general
2
7%

Couldn’t
handle one
LAR
3
11%

What sort of help could your facility use with respect to staffing and/or knowledge transfer?

Area of Need

Count

Percentage

More professional staff (including skilled trades)

7

20%

Research funding (would grow staff naturally)

3

9%

Regulatory support funding

3

9%

Student training support funding

1

3%

Database of professional staff (hiring pool) and expertise

2

6%

Staff support for off-site training

2

6%

Connections to other TRTR facilities

1

3%

Standardized resource (SAR, Technical Specifications,
analyses, Operation and Maintenance)

2

6%

Continued (increased) infrastructure support

10

29%
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