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2020 Oak Ridge National Laboratory
Neutron Sciences Annual Plan?

Vision: The Spallation Neutron Source (SNS) and the High Flux Isotope Reactor (HFIR) are world-
leading neutron scattering user facilities and centers of scientific excellence, attracting leading
researchers to come and work with Oak Ridge National Laboratory (ORNL) to solve challenging
problems that are important to the mission of the Department of Energy (DOE).

Executive Summary

Leadership in materials science underpins future technologies in energy, security, and other
applications that drive this nation’s economy. Neutron scattering is among the crucial
characterization techniques necessary to ensure a world-leading position in materials research for
the United States. The uniqueness of the neutron as a probe for matter and energy makes it an
essential tool for the discovery and delivery of knowledge that is complementary to other probes
such as photons and electrons. The Neutron Sciences Directorate (NScD) at ORNL enables the
research carried out by the scientific community by providing a powerful array of neutron scattering
capabilities for researchers at the HFIR and SNS. Both facilities are operated on behalf of the DOE
Office of Basic Energy Sciences (BES) as advanced neutron scattering user facilities.

In 2014, NScD published a strategic plan (referred to herein as the 2014 Plan) that outlines a series
of coordinated activities for the next decade that would (1) maximize the performance and
scientific impact of neutron scattering capabilities, (2) continue to provide the neutron facilities
required to address existing and future major energy challenges, and (3) ensure that the United
States maintains a forefront position in future materials research utilizing neutron scattering
(Neutron Sciences Directorate Strategic Plan 2014). The central principle of the 2014 Plan was the
formulation of science priorities that in turn drive the development of new and upgraded beam
lines, sources, and enabling technologies. The 2014 Plan was intended as a living document to be
routinely amended in response to changes in national materials research and BES scientific
priorities as they are continually refined through consultation with key stakeholders. This flexibility
reflects the fact that our scientific understanding of the world evolves in leaps that are not easy to
predict.

This plan defines specific goals and actions for FY 2020 that advance the strategic intent of the 2014
Plan. Some of these goals reflect amendments to the original scientific priorities and execution
timeline for the strategic developments described in the 2014 Plan. The FY 2020 goals are organized
into three main areas of strategic activity in the body of this plan:

! Note that the activities associated with the SNS Second Target Station (STS) are being executed by the STS
Project, which is now organizationally separate from NScD. Nevertheless, STS plans and goals are included in this
plan to reflect the partnership between the NScD and STS directorates and provide an integrated view of ORNL’s
Neutron Sciences program.



Science Priorities: Excel in the execution of a science program that uses neutrons to enable
breakthrough advances in key scientific areas focused through the Science Initiatives that
are organized around quantum materials, soft matter and polymers, catalysis and interfacial
chemistry, materials and engineering, and biological materials and systems. Additional
initiatives emphasize high-pressure science and sample environments as well as high-
performance computing and data analytics.

New and Upgraded Capabilities: Execute upgrades to ORNL'’s existing neutron sources to
deliver wholly new capabilities in neutron scattering, providing researchers with
unprecedented tools for examining the structure and dynamics of a wide range of materials.

Excellence in Safety and Operations: Optimize the operation of SNS and HFIR in support of a
broad and growing user community.

The FY 2020 goals and actions also reflect the performance priorities that NScD has set for FY 2020.
These performance priorities are represented by the following critical outcomes and measures of
success.

Critical Outcomes:

Maximize neutron production at ORNL’s neutron sources
Operate ORNL’s current neutron sources at =2 90% availability of agreed-upon schedule

Develop a plan for continuing to improve operational stewardship

Ensure users have reduced data at the end of the experiment

Develop and implement a strategic plan for data analysis software

Upgrade existing instruments to realize their full potential

Construct prioritized new instruments at SNS

Design and construct an optimized, expanded HFIR Cold Guide Hall

Develop and review a strategic vision for each of the Science Initiatives

Achieve Critical Decision (CD) 2 and 3 approval for the Proton Power Upgrade (PPU) project

Measures of Success:

Provide maximum neutron production hours

Operate SNS and HFIR at > 90% availability of the agreed-upon schedule
Achieve excellence in operations

Provide users with reduced data upon completion of their experiments
Design and construct world-leading neutron scattering instruments
Complete an optimized, expanded HFIR Cold Guide Hall

Complete the PPU project within the budget and on schedule



Overview

Neutron scattering and spectroscopy were initially developed in the 1940s and 1950s, and the
1994 Nobel Prize in Physics was awarded to Clifford G. Shull and Bertram N. Brockhouse for
their pioneering efforts. Over the past seven decades, neutron scattering has become a vital
tool for studying materials across many scientific fields and applications, including automotive
engines, batteries, data storage, geology, polymers, and biomedicine. The exceptional
properties of neutrons provide unique insight into the structure and function of materials, as
summarized below.

e Materials structure and dynamics: Neutrons have a broad range of useful wavelengths,
allowing the examination of structures from the atomic level to the size of biological cells.
(The achievable wavelength range is dependent on the design of the neutron source and
neutron scattering instrument.) Neutron energies span a range that is ideal for studying the
individual and collective atomic motions that determine the properties of materials.
Differences in neutron energy can be measured to allow the dynamics of atomic and
molecular processes to be followed on time scales ranging from fractions of a picosecond to
microseconds—corresponding to vibrations in rigid lattices to the slow movements of large
macromolecules.

e Flemental and isotopic sensitivity: Neutrons are scattered via interactions with atomic
nuclei, making them sensitive to the identity of both the element and the specific isotope
being studied. Hence, unlike other techniques that scatter from the electric charge density
in atoms, neutron scattering can readily distinguish between some elements with similar
atomic numbers and is sensitive to light elements such as hydrogen, even in the presence of
heavy elements. Further, the neutron scattering response of some isotopes can vary,
making differentiation of isotopes very distinct. This unique property of neutrons makes it
possible to use isotopic substitution—for example, replacing hydrogen with deuterium—to
study the role of hydrogen in catalytic processes or the association of water in protein
complexes.

* Magnetism: Neutrons have a magnetic moment, but no charge. Thus, neutrons provide an
exquisitely sensitive probe for the study of magnetic properties and dynamics in materials.
This feature has been exceptionally valuable for the study of materials ranging from
superconductors and quantum materials to computer storage media.

e Penetrating power: Neutrons readily pass through most materials, making possible the
study of bulk materials and buried interfaces. Further, samples can be studied under
realistic conditions, such as in situ and operando studies of catalytic processes in reactors,
studies of geological processes under extremes of pressure and temperature, and
observations of fuel injector performance in an operating automobile engine.

Today, more than a dozen major neutron scattering facilities exist worldwide, including both
reactor-based and accelerator-based neutron sources. In the United States, DOE BES supports
two major neutron scattering user facilities at ORNL—HFIR and SNS; and the US Department of
Commerce supports the National Institute of Standards and Technology Center (NIST) for
Neutron Research (NCNR). Each year, more than a thousand researchers from nations around



the globe use the two DOE neutron sources that are made available by the Office of Science
user program. A brief summary of the characteristics of HFIR and SNS, and how they compare
with other leading neutron sources, follows.

Operating at 85 MW, HFIR is the highest-flux reactor-based source of neutrons for research in
the United States, and it provides one of the highest steady-state neutron fluxes of any
research reactor in the world. Its thermal neutron flux is similar to that of the high-flux reactor
of the Institut Laue-Langevin (ILL), the premier European reactor-based neutron source, and
neutron scattering instruments at HFIR and ILL address similar scientific questions.

The First Target Station (FTS) at SNS is currently the most powerful accelerator-driven neutron
source in the world, operating at a power of 1.4 MW. It provides beams of neutrons in short
pulses at a repetition rate of 60 Hz with the highest peak brightness in the world. When the

25 Hz pulsed neutron source at the Japan Proton Accelerator Research Complex (J-PARC)
reaches its full power capability in the near future, it will exceed the peak brightness of SNS. In
addition, the European Spallation Source (ESS), now under construction in Sweden, will provide
similar peak brightness once it begins operating at 2 MW in the mid-2020s, with a future
upgrade path to 5 MW. ESS will deliver beams of neutrons in long pulses at 14 Hz, which will
provide time-averaged fluxes of both cold and thermal neutrons comparable to those of a
reactor-based source. The lower repetition rates of ESS and J-PARC compared with the FTS will
allow the use of broader ranges of neutron energies in each pulse. Long-pulse spallation
sources, such as the ESS, are highly flexible; and their individual instruments can be optimized
for experiments that require high peak brightness and a broad range of energies, or for high
time-averaged flux, essentially bridging between short-pulse sources and continuous neutron
sources.

HFIR and the FTS at SNS provide optimized beam characteristics that are used for specific
studies of materials. Briefly, HFIR produces continuous beams of either cold or thermal
neutrons that are typically monochromatic and are optimized for studies of materials over
selectable but narrow ranges of length scale or energy. The FTS produces pulsed beams of
neutrons with very short pulses and therefore high energy resolution. Its high (60 Hz) repetition
rate allows for a medium bandwidth of neutron energies to be used, because neutrons of
different energies are separated by their arrival time at the detector; a longer time between
pulses therefore results in a broader energy bandwidth. The FTS is best optimized for thermal
neutrons that are ideal for spatial resolutions on the atomic scale and fast dynamics studies of
materials.

Even with these existing capabilities, there is a global need for improved neutron scattering
capabilities to address emerging science challenges. ORNL is undertaking major improvements
at the SNS to provide unprecedented capabilities, including the PPU project and the Second
Target Station (STS), as well as the design of new instrumentation, such as the neutron image
station VENUS, and supporting data analytics. The PPU project will double the available proton
beam power at the SNS accelerator complex from 1.4 to 2.8 MW, delivering 2 MW to the
existing FTS and providing the capability to drive the STS. Increasing the neutron flux and
brightness at the FTS will provide new and substantially improved capabilities for studying a



broad range of materials and associated chemical and physical processes with neutron
scattering.?

The STS addresses a global need for a high-intensity cold neutron source that is able to
simultaneously use a broad energy/wavelength range.? Such a source would provide the
research community with exciting new opportunities to explore a wide range of materials,
including in situ and operando studies during synthesis and processing, nonequilibrium
phenomena, and dynamics. This need will be partially addressed by ESS in Europe and J-PARC in
Japan, as discussed above. The STS will provide the United States with a world-leading
capability in high-brightness cold neutron beams with broad energy/wavelength ranges. It will
complement existing US sources to ensure future state-of-the-art capabilities for the US
research community. On August 1, 2019, STS activities moved to a separate project office that
reports to the ORNL director.

A series of cost-effective improvements to HFIR are planned to sustain its capabilities for neutron
scattering, materials irradiation, and isotope production into the future. A Beryllium Outage Project
Plan and Schedule have been developed and communicated to the affected stakeholders.
Preparations are under way to replace HFIR’s beryllium reflector in 2024—-2025. The project plan
provides the timeline for all the preparatory activities that must be completed to successfully
implement the permanent reflector replacement and other necessary component replacements. It
also identifies critical in-vessel components and special tooling, fixtures, and equipment required to
replace the permanent beryllium reflector. The plan also includes the key infrastructure
improvements needed in the beam room. The replacement reflector has been designed, the
beryllium material has been procured, and fabrication of replacement components (including four
beam tubes and specialized tooling and fixtures) will continue in FY 2020. The replacement provides
an opportunity to upgrade the cold neutron source and to work toward improvement of the
thermal beams provided to the instruments.

NScD is also assessing steps that can be taken to renew and upgrade HFIR to provide world-leading
reactor-based science and technology capabilities to serve DOE missions well into the future.
Considerations include pressure vessel replacement, alternative moderators, and alternative fuels,
as well as projections of future mission needs in neutron scattering, isotope production, and
materials irradiation. Based on feedback from the user community and its own assessment of
scientific opportunities, NScD intends to propose an expansion of the HFIR Cold Guide Hall to
provide sufficient space for

e A new cold neutron triple-axis spectrometer (MANTA)

e Continued operation of the existing instruments (the cold neutron imaging instrument
IMAGING, which is an image-plate single crystal diffractometer; two small-angle neutron
scattering [SANS] instruments, Bio-SANS and GP-SANS; and development beam lines)

e Future opportunities, such as a high-resolution neutron spin echo instrument.

2 The Science Case for a Proton Power Upgrade of the Spallation Neutron Source, 2018.

3 First Experiments at the Spallation Neutron Source Second Target Station, 2019.



In FY 2019, several operational events impacted the availability of HFIR and SNS. At SNS,
problems with the target mercury loop that prematurely ended the previous operating cycle in
January 2019 have been resolved, and neutron production resumed on June 23, 2019. There
were further operational events with the cryogenic moderator system and premature failure of
a mercury target. Action has been taken to improve system engineering, safety, and
operational processes and procedures. Additional actions will be implemented during future
planned maintenance outages to ensure continued safe and reliable operation of SNS.

At HFIR, work is in progress to resolve problems that led to the shutdown of the reactor in
November 2018 in response to indications of a radiation leak, which were traced to a defective
fuel element. ORNL is working closely with the fuel manufacturer and with DOE to ensure
ORNL'’s ability to continue the safe, reliable, and predictable operation of HFIR, with a focus on
expanded quality assurance assessments of the fuel assemblies. During the extended shutdown
of HFIR, NScD proceeded with several activities that support improved predictability and
reliability, including (1) replacement of the secondary cooling system supply line, (2) continued
shipments of spent nuclear fuel to the Savanah River Site, (3) replacement of control rod
components, (4) replacement of pony motor battery racks and chargers, and (5) performance
of intrusive maintenance on HFIR’s electrical distribution system.

A major priority for NScD in FY 2020 is developing and executing initiatives to strengthen the
overall operational stewardship of the directorate, including (1) an organizational effectiveness
assessment, (2) a safety culture assessment, and (3) implementation of asset management. We
expect to begin improvements based on recommendations from these activities in FY 2020.

1. FY 2020 Goals and Actions

NScD annually holds a series of planning meetings to establish annual and long-term goals. Tasks
and outcomes are defined to meet the agreed-upon goals. Funding to achieve the goals is allocated
in subsequent meetings. Funding restrictions may require deferral of some activities and
adjustment of timelines for task competition.

Recommendations from multiple stakeholders—the DOE program sponsor, the BES Advisory
Committee, ORNL'’s Scientific Advisory Board, the Neutron Advisory Board, the Accelerator/Target
Advisory Committee, and the SNS HFIR User Group—inform the goals and subsequent actions
necessary to achieve these goals. The goals and actions outlined in this plan are also reflected in the
FY 2020 ORNL Performance Evaluation and Measurement Plan Goals and Notable Outcomes and
NScD Business Plan. Detailed actions to achieve the goals are also found in the Accelerator
Management Plan;* Spallation Neutron Source Target Management Plan;” Beryllium Outage Project
Plan and Schedule; Review of Data Reduction, Handling, and Analysis of the High Flux Isotope
Reactor and the Spallation Neutron Source; and Science Productivity Steering Committee
instrument improvement project rankings. An FY 2020 neutron production overview with planned
maintenance actions during outages is provided in Table 1.

4 Accelerator Management Plan, SNS 104000000-PN0003, R02, September 2019.
5> Spallation Neutron Source Target Management Plan, 106010000-PN0005, R07, December 2019.



Table 1. FY 2020 neutron production overview with planned maintenance actions.
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1.1. Science Priorities

Excel in the execution of a science program that uses neutrons to enable breakthrough advances in
key scientific areas including quantum materials, soft matter and polymers, catalysis and interfacial
chemistry, materials and engineering, and biological materials and systems.

Goals and Actions:
e Work with the research community to advance scientific discovery.

e Consult with the scientific user community to identify needed advances in neutron scattering
capabilities.

e Continue to implement the seven Science Initiatives and sharpen their focus on the most
relevant areas of research.

e Develop new sample environment capabilities in high pressure, soft matter, high temperature,
and specialized conditions such as electric fields, and enhance the capabilities at low
temperature and high magnetic fields.

e Emphasize the development of data analytic tools for the benefit of neutron scattering
research.

e Advance ORNL LDRD initiatives that develop new techniques, sample environment equipment,
or data analysis protocols to expand the application of neutron scattering in key scientific
areas.

NScD will continue its leadership role in using neutron scattering to provide unique information
about the structure and dynamics of matter, thereby accelerating the pace of scientific discoveries
and addressing important technical materials problems. Directorate staff will continue to work
with their colleagues across ORNL to enable advances in five key scientific areas: quantum
materials, polymers and soft matter, catalysis and interfacial chemistry, materials and engineering,
and biological materials and systems. They also will continue working with the scientific user
community to identify needed advances in neutron scattering capabilities that can catalyze
scientific discoveries and applications. NScD will engage the user community through webinars,
workshops, and conferences during FY 2020.

In FY 2018, NScD established six Science Initiative areas, each led by a researcher who serves as
the coordinator. NScD will continue to implement the Science Initiatives and sharpen their focus
on the most relevant areas of research. The areas include quantum materials; soft matter and
polymers; catalysis and interfacial chemistry; materials and engineering; biological materials and
systems; and computing, modeling, and data analysis. These Science Initiatives represent areas
within which neutrons will be a crucial tool for addressing compelling science questions, and they
are expected to change over time as scientific priorities change.

Another Science Initiative, high-pressure science and technology, was established in FY 2019 to
further ORNL'’s world-leading status in this research area, bringing the current number of
initiatives to seven. Implementation of the following seven science initiatives will continue during
FY 2020:



e Biological materials and systems

e Catalysis and interfacial chemistry

e Computing, modeling, and data analytics
e High-pressure science and technology

e Materials and engineering

e Quantum materials

e Soft matter and polymers

The Science Initiative leaders assisted with the development of the First Experiments Report in

FY 2019, the selection of projects for mid-scale investments and instrument improvements, the
definition of new post-doctoral positions, and the prioritization of workshops. The process for the
selection of Discretionary Time was redesigned in FY 2019 to put more emphasis on the Science
Initiatives, and the importance of staff members developing their research identities has been
strongly communicated.

NScD will develop new sample environment capabilities in high pressure, soft matter, high
temperature, and specialized conditions such as electric fields, and enhance the capabilities at low
temperature and high magnetic fields. To promote science drivers and instill an innovation culture,
Sample Environment Steering Committees were established in FY 2015. NScD formed four such
steering committees to serve as an interface between scientific and sample environment staff.
These committees focus on the following technical areas: Low Temperature and Magnetic Fields,
Pressure and Gas Handling, High Temperature, and Soft Matter and Biological Materials. The
committee members consist of science staff, scientific associates, sample environment staff, and
external users. Committees meet periodically with the expectation that the meeting minutes will
be recorded and distributed. Each steering committee has developed a plan that assesses the
current state of sample environment and identifies gaps in skill sets and capabilities. The plans are
periodically updated and continue to be the basis for investment. The committees have been, and
continue to be, a highly effective mechanism to encourage innovation and collaboration.

NScD will continue to emphasize the development of data analytic tools for the benefit of neutron
scattering research.

ORNL has a Neutron Science and Technology LDRD Initiative that is focused on using ORNL
discretionary resources to extend NScD leadership in the international neutron scattering
community by focusing on research and development in critical areas that underpin neutron
scattering research. The overall goal of the LDRD initiative is the development of new techniques,
sample environment equipment, or data analysis protocols to expand the application of neutron
scattering in key scientific areas. Projects funded through the FY 2019 call that will be executed in
FY 2020 are focused on using polarized neutrons and Wollaston prisms to quantitatively understand
guantum entanglement in materials; combining rheology with small-angle neutron scattering,
neutron spin echo, and simulations to understand the flow response of soft materials; and
developing new equipment to allow neutron scattering to reveal the fundamental nature of
catalytic reactions.



1.2. New and Upgraded Capabilities

Execute upgrades to our existing neutron sources to deliver wholly new capabilities in neutron
scattering, providing researchers with unprecedented tools for examining the structure and
dynamics of a wide range of materials.

Goals and Actions:

Effectively manage and execute the PPU project in accordance with the Project Execution Plan
and deliver the project scope in compliance with the technical performance specifications and
within the established DOE performance goals for cost and schedule. Performance will be
assessed based on the work planned and accomplished during FY 2020, not on the cumulative
performance of the project.

O Receive CD 2 and/or CD 2/3 approval for the PPU project.
O  Complete FY 2020 PPU project milestones.
Prepare for accelerator power ramp-up for post-PPU operations.

O Execute system improvements as outlined in the SNS Accelerator Management Plan and
Target Management Plan.

O Plan outages to support system improvements and execution of PPU plan.
Continue construction of SNS BL-10, VENUS.

O Complete all beam line chopper designs.

O Accomplish delivery and acceptance of core vessel and shutter inserts.

O Install bulk shield insert.

Continue investments in instrument upgrades, sample environments, and ancillary equipment
to support world-class neutron scattering.

Depending on final funding decisions, execute the instrument projects approved by the NScD
Science Productivity Steering Committee:

HFIR HB-1A, FIE-TAX, backend

SNS BL-7, VULCAN-X phase Il

HFIR HB-1, P-TAX, polarization

SNS BL-1B, NOMAD detectors and collimators
SNS BL-5, CNCS detectors

Receive CD 1 approval for STS.

O O O O O

Execute the STS project scope in compliance with DOE Order 413.3B. Advance toward CD-1:
Approve Alternative Selection and Cost Range during this performance period.

Continue implementation of the HFIR beryllium outage plans.

Continue design of the HFIR Cold Guide Hall expansion and initiate procurement of neutron
guide system.

During FY 2020, NScD will effectively manage and execute the PPU project in accordance with the
Project Execution Plan and deliver the project scope in compliance with the technical performance

10



specifications and within the established DOE performance goals for cost and schedule.® NScD staff
will work to receive CD-2 and/or CD-2/3 approval for the PPU project in FY 2020.

NScD is actively preparing for the accelerator power ramp-up. Activities to prepare for the power
increase have begun and will continue through FY 2024. Actions over the next few years include
upgrading the Cryogenic Moderator System refrigerator to increase cryogenic capacity and
increasing the number of spares. A comprehensive list of actions and deadlines to prepare for the
accelerator power ramp-up can be found in the Accelerator Management Plan.” NScD will plan
outages to support system improvements and execution of the PPU project plan.

NScD will continue implementation of the HFIR Beryllium Outage Plan. It will begin cutting/drilling
of the permanent beryllium reflector, initiate fabrication of HB-2, and award a design/build contract
for the replacement of the Cold Source Cryogenic Plant. During FY 2020, NScD will complete the
design of the HFIR Cold Guide Hall expansion and initiate procurement of the neutron guide system.

Construction of the SNS BL-10 instrument VENUS, a time-of-flight neutron imaging station, began in
FY 2019. Construction of VENUS will continue in FY 2020 with installation of the instrument’s core
vessel and shutter inserts. VENUS chopper design will be completed in FY 2020. Development of
new instrument concepts to fill open beam ports will also be pursued, including a new diffraction
instrument concept, DISCOVER. DISCOVER represents the world’s highest-resolution dedicated total
scattering instrument at SNS. Its construction will present the same challenges as the construction
and operation of VENUS. Over the next few years, the number of neutron production hours will be
less than optimal because longer maintenance outages will be required to accommodate VENUS
construction and the PPU project.

The Instrument Improvement Program will continue in FY 2020. Activities include continuing the
SNS BL-5 (SNAP) optics upgrade project and beginning several new instrument improvement
projects. New projects in FY 2020 will include the SNS BL-7 (VULCAN) detector upgrade project; SNS
BL-5 (CNCS) detectors; SNS BL-1B (NOMAD) detector and collimator upgrade; HFIR HB-1 (FIE-TAX)
polarization capability; and HFIR HB-1A (PTAX) backend replacement. System-wide improvements
for data acquisition and instrument controls will be executed, including the completion of the
migration of SNS and HFIR instruments to Experimental Physics and Industrial Control Systems
(EPICS).

A series of instrument suite reviews will be conducted in FY 2020 to evaluate the productivity of the
suite and determine actions to improve beam line output. In FY 2020, ownership and operation of
SNS BL-15 (Neutron Spin Echo) will transfer to DOE from Juelich. NScD will work with Juelich to
ensure a seamless transition that does not impact the User Program.

1.3. Excellence in Safety and Operations
Optimize the operation of SNS and HFIR in support of a broad and growing user community
Goals and Actions:

e Restart HFIR before November 13, 2019.
o Reestablish safe and reliable operations at HFIR.

6 FY 2020 PEMP Goal 2.1.
7 Accelerator Management Plan, SNS 104000000-PN0003, R02, September 2019.
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e Provide effective UT-Battelle leadership to execute short- and long-term initiatives to restart
and sustain fuel manufacturing activities.

e Maintain reliable 1.4 MW operations at SNS.

e Conduct Phase 2 of target mercury loop repair.

e (Create and maintain an inventory of at least two SNS reliable spare target modules.

e Manage procurement and fabrication of inner reflector plug (IRP) 3, scheduled for FY 2022
delivery.

e Continue execution of system-wide improvements for data acquisition and instrument controls,

including the completion of the migration of SNS and HFIR instruments to EPICS.

e Implement the data reduction and analysis software remediation plans identified in the July
2019 peer-reviewed assessment of the “Data Reduction, Handling and Analysis at the
Instruments Suites at HFIR and SNS.” By the end of CY 2019, complete the actions for the SANS
instruments and develop and submit to BES timelines for the remaining instruments. Provide
updates in regular NScD operation calls and submit a summary progress report to BES by
September 30, 2020

e Develop and execute new initiatives to improve operational performance and reliability,
management of operational events, and drive the Safe Conduct of Research (SCoR) principles
into the organizational culture and operations

During FY 2020, NScD is committed to reestablishing safe and reliable operation of HFIR and
maintaining reliable 1.4 MW operation of SNS.8 HFIR was successfully restarted in October 2019.
NScD will operate HFIR safely and reliably for seven operating cycles at > 90% predictability and is
committed to providing 4600 hours for users at 1.4 MW at 90% availability at SNS.

NScD will provide effective leadership to execute short- and long-term initiatives to restart and
sustain HFIR fuel manufacturing activities.® The directorate is working closely with the fuel
manufacturer and DOE to ensure ORNL’s ability to continue the safe, reliable, and predictable
operation of HFIR, including expanded quality assurance assessments of the fuel assemblies. The
failed fuel element event that led to the shutdown of HFIR in November 2018 and the subsequent

investigation have led to a commitment to install new nondestructive testing equipment in the fuel

manufacturing process. NScD has put into place a robust Corrective Action Plan that will rectify the

conditions that produced fuel element 0-488. Corrective actions include the hiring of two engineers

who will provide additional oversight at fuel manufacturer BWX Technologies (BWXT). This

oversight will include the witnessing of critical manufacturing steps, by HFIR personnel, to ensure all

future fuel elements are properly fabricated. A new inspection technique, computed tomography

(CT), is also being developed to examine the roots of the welds of finished elements. NScD staff will

begin installation and qualification of the CT scanning machine at BWXT.

Preparation is required for the transition of uranium oxide processing from its current location to
the new Uranium Processing Facility at the Y-12 National Security Complex. The transition,
scheduled to begin in 2025, is estimated to take 2 to 3 years. Before the transition, the uranium

8 FY 2020 Performance Evaluation and Measurement Plan Goals 2.3.

9 FY 2020 Performance Evaluation and Measurement Plan Goal 3.2.



oxide inventory must be increased to ensure that fuel fabrication can be continued during the
transition. We will continue to increase uranium oxide levels processed at Y-12 for HFIR fuel. It is
projected that 125 Kg of uranium oxide will be processed.

Executing a robust maintenance program, maintaining a supply of critical spares, and addressing
system obsolescence is critical to safe and reliable operation of HFIR and SNS. During FY 2020, NScD
will execute the actions set forth in the Spallation Neutron Source Target Management Plan. These
actions include creating and maintaining an inventory of two SNS spare target modules. NScD will
continue to manage the procurement and fabrication of Inner Reflector Plug IRP-3 scheduled for
delivery in FY 2022.

At SNS, Phase 2 of the target mercury loop repair will be conducted in FY 2020. The repairs will
include the engineering design and procurement of mercury loop components to support loop
modifications. NScD will execute the actions outlined in the Accelerator Management Plan,°
created by the Research Accelerator Division (RAD), to improve the SNS accelerator system in the
critical areas of beam power, performance, reliability, and ultimately planning for 5,000 hours of
neutron production. The plan includes the schedule to achieve this objective, taking into account
the impacts on scheduled beam time resulting from the PPU and STS projects and the installation of
planned new instruments.

Accelerator Improvement Projects (AIPs) are essential to maintain the cutting-edge capability of the
SNS accelerator complex. In FY 2020, an AIP for the heavy water recombiner will begin. Significant
investments will be made in FY 2020 to replace the two manipulators used in SNS operation. This
activity will occur over several years.

System obsolescence is another factor that requires investment and mitigation. SNS was
commissioned in 2005, so the systems and subsystems are approaching 20 years of use and
experiencing the onset of end-of-life. These issues include systems in which components are failing
at a higher rate and systems for which components, particularly electronics, are no longer available.
A RAD Obsolescence Plan will be developed and implemented during FY 2020.

At HFIR, improvements to the reactor infrastructure will continue. NScD will install a new steam
line, connect one emergency diesel generator to the electrical system, replace two of four control
rod drives, and replace the removable beryllium reflector. Plans are also to continue shipments of
spent nuclear fuel to the Savanah River Site.

NScD will continue to implement a robust accelerator research and development program. The
program will demonstrate laser stripping, experimentally verify self-consistent beam distribution,
develop foils for 2 MW operation, conduct beam dynamics and halo studies at the Beam Test
Facility, and pursue plasma processing and laser research and development.

NScD will implement the data reduction and analysis software remediation plans identified in the
July 2019 peer-reviewed assessment of “Data Reduction, Handling and Analysis at the Instrument
Suites at HFIR and SNS.”*! NScD will provide regular updates to DOE in progress reports and

10 Accelerator Management Plan, SNS 104000000-PN0003, R02, September 2019.
11 kY 2020 PEMP Goal 3.2.
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monthly conference calls. A progress report will be provided to DOE by September 30, 2020. As new
software is developed, webinars will be held to introduce the user community to the new software.
In FY 2020, NScD will develop and execute new initiatives to improve operational performance and
reliability, manage operational events, and drive the Safe Conduct of Research principles into the
organizational culture and operations.

2. Summary

The actions outlined and the related plans will be monitored throughout FY 2020 to ensure they are
completed. Additional actions that may be needed to ensure NScD meets its goals will be added as
they are identified. NScD leadership believe the actions they will take in FY 2020 will move ORNL
toward achieving the vision to lead the world in neutron science and technology by delivering and
leveraging world-leading neutron sources to enable scientific discoveries and solve critical technical
challenges.

14



	2020 Oak Ridge National Laboratory
	Neutron Sciences Annual Plan0F
	 Effectively manage and execute the PPU project in accordance with the Project Execution Plan and deliver the project scope in compliance with the technical performance specifications and within the established DOE performance goals for cost and sche...
	o Receive CD 2 and/or CD 2/3 approval for the PPU project.
	o Complete FY 2020 PPU project milestones.
	 Prepare for accelerator power ramp-up for post-PPU operations.
	o Execute system improvements as outlined in the SNS Accelerator Management Plan and Target Management Plan.
	o Plan outages to support system improvements and execution of PPU plan.
	 Continue construction of SNS BL-10, VENUS.
	o Complete all beam line chopper designs.
	o Accomplish delivery and acceptance of core vessel and shutter inserts.
	o Install bulk shield insert.
	 Depending on final funding decisions, execute the instrument projects approved by the NScD Science Productivity Steering Committee:
	o HFIR HB-1A, FIE-TAX, backend
	o SNS BL-7, VULCAN-X phase II
	o HFIR HB-1, P-TAX, polarization
	o SNS BL-1B, NOMAD detectors and collimators
	o SNS BL-5, CNCS detectors
	 Receive CD 1 approval for STS.
	 Execute the STS project scope in compliance with DOE Order 413.3B. Advance toward CD-1: Approve Alternative Selection and Cost Range during this performance period.
	 Continue implementation of the HFIR beryllium outage plans.
	 Continue design of the HFIR Cold Guide Hall expansion and initiate procurement of neutron guide system.
	NScD is actively preparing for the accelerator power ramp-up. Activities to prepare for the power increase have begun and will continue through FY 2024. Actions over the next few years include upgrading the Cryogenic Moderator System refrigerator to i...
	 Restart HFIR before November 13, 2019.
	 Continue execution of system-wide improvements for data acquisition and instrument controls, including the completion of the migration of SNS and HFIR instruments to EPICS.
	 Implement the data reduction and analysis software remediation plans identified in the July 2019 peer-reviewed assessment of the “Data Reduction, Handling and Analysis at the Instruments Suites at HFIR and SNS.” By the end of CY 2019, complete the a...
	 Develop and execute new initiatives to improve operational performance and reliability, management of operational events, and drive the Safe Conduct of Research (SCoR) principles into the organizational culture and operations
	NScD will implement the data reduction and analysis software remediation plans identified in the July 2019 peer-reviewed assessment of “Data Reduction, Handling and Analysis at the Instrument Suites at HFIR and SNS.”10F  NScD will provide regular upda...



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



