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Abstract. Planning and decision making represent important challenges for all projects. This
paper outlines the steps used to determine technical readiness and map the path forward to
systematically advance readiness to support detailed design of the Next Generation Nuclear
Plant. A Technology Readiness Assessment is used to evaluate the required systems, subsystems,
and components (SSC) comprising the desired plant architecture and assess the SSCs against
established Technology Readiness Levels (TRLs). A validated TRL baseline is then established
for the proposed physical design. Technology Development Roadmaps are generated to define
the path forward and focus project engineering and research and development tasks on advancing
the technologies to increasing levels of maturity. Tasks include modeling, testing, bench-scale
demonstrations, pilot-scale demonstrations, and fully integrated prototype demonstrations. The
roadmaps identify precise project objectives and requirements; create a consensus vision of
project needs; provide a structured, defensible, decision-based project plan; and minimize project
costs and schedules.

Introduction

Industry experience repeatedly demonstrates the consequences of proceeding with projects that
employ technologies that are not sufficiently mature. The U.S. General Accounting Office
(GAO) noted that these consequences manifest themselves as cost overruns and schedule delays
late in the project life cycle [Ref. GAO]. To avoid these undesirable consequences, the Next
Generation Nuclear Plant (NGNP) project initiated efforts to assess the technology readiness of
critical systems, subsystems, and components (SSC) and identify the steps required to ensure
sufficient maturity prior to inclusion in the NGNP design. This paper discusses the process used
and experience gained in establishing a baseline for the current technology readiness status and a
path forward that achieves increasing levels of technical maturity. The critical SSCs, their
current state of readiness, and the steps needed to demonstrate increasing levels of technical
maturity are documented in Technology Development Roadmaps (TDRMs). As these TDRMs
are executed, project risk is reduced and the likelihood of within-budget and on-schedule
completion is enhanced.



Background —Strategic, Technology, and Implementation Roadmaps

Building on core roadmapping principles that have guided Fortune 500 companies like Intel and
Motorola, the Idaho National Laboratory (INL) has developed a specialized planning, decision
analysis, and roadmapping capability that provides the rigor and understanding needed for
decision-makers to focus on critical uncertainties; make informed, defensible decisions; and
drive a project to successful completion under the critical eye of stakeholders [Ref. Collins;
Grinnell].

Roadmaps differ by project, application, and intent, and no two roadmaps are ever the same. The
INL uses three different types of roadmaps: Strategic, Technology, and Implementation, as
depicted in Figure 1.
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Figure 1. Different Roadmaps for Different Applications

Strategic roadmaps are typically developed at early stages of a project [Ref. U.S. DOE, 2002].
They serve to:

e Create consensus vision of project needs based on needed capabilities
e Identify clear project objectives

e Provide early identification of high-risk items and allow early focused attention to meet
the mission

e Support engineering, research and development (R&D), and management priorities.

Technology roadmaps are established as the system architecture and concept of operations are
being developed and are useful to depict the path forward to down select technologies and
mature components into subsystems and operable systems [Ref. American Forest; Glass;
Thompson]. Technology roadmaps:

e Focus resources on critical technologies

e Identify key technology decision points and the scientific and technical information
necessary to make informed decisions

e Provide early identification and management of technical risks



e Ensure technology readiness is demonstrated through testing, modeling, piloting, and
prototyping
e Enhance project cost and schedule success.

Implementation roadmaps are used to create the path forward to verify and validate processes
and to drive process enhancements [Ref. U.S. DOE, 2000]. Implementation roadmaps:

e Depict the approach to systematically evaluate existing systems for performance and
efficiency enhancements

e Verify and validate that the needed capability is delivered.

This paper focuses on the technology roadmaps created for the NGNP project and the methods
used in the creation of these NGNP TDRMs.

Technology Readiness Assessment of the NGNP

A key step in the creation of the NGNP TDRMs was the initial Technical Readiness Assessment.
The Technology Readiness Assessment process, which originated with NASA and the U.S.
Department of Defense (DOD) [Ref. U.S. DOD], evaluates the deployment readiness of a
technology, system, or component, in other words, its readiness to function in an integrated
environment. A Technology Readiness Level (TRL) is assigned to each evaluated technology
based on its relative level of development toward deployment. The NGNP uses TRLs with a
tailored scale of 1 to 10, which expands the NASA and DOE scales to include one additional
level that indicates readiness for commercial-scale production. Abbreviated TRL definitions are
shown in Figure Figure 2.
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Figure 2. Technology Readiness Levels

These TRL ratings:

e Establish the current state of proposed technologies that are used as the starting point for
TRLs

e Provide a consistent measure of readiness levels and confidence in the levels as inputs to
quantifying performance, cost, and schedule risks.

The TRLs serve as an excellent measure to ensure that engineering design and R&D interface in
the maturation of the needed technology. For TRLs 1-5, assessment typically occurs on an
individual technology or component with a calculated roll up TRL for the associated area,



systems, and subsystems. As the technology or
component progress to further levels of maturity,
integrated testing occurs to allow TRL assessments
directly against subsystems and systems. The
integrated  testing or modeling occurs at
increasingly larger scales and in increasingly
relevant environments, thus achieving higher TRL
ratings.

The Idaho National Laboratory (INL) worked
closely with subject matter experts from the public
and private sectors to identify the critical
components that make up the NGNP. The
assessment included a review of the potential
architecture and concept of operations required for
an NGNP that satisfies the stakeholder
requirements. It was determined that the NGNP,
which is divided into five areas, has 16 critical
SSCs. These components were analyzed to
determine their technical readiness.

Critical SSCs are defined as those items that are
not commercially available or have not been

NGNP
Area
System

Min
TRL

NGNP

Nuclear Heat Supply System (NHSS)
Reactor Pressure Vessel System
Reactor Vessel Internals
Reactor Core and Core Structure
Fuel Elements
Reserve Shutdown System
Reactivity Control System
Core Conditioning System
Reactor Cavity Cooling System

Heat Transfer System (HTS)
Circulators
Intermediate Heat Exchangers
Cross Vessel Piping
High Temperature Valves - Flapper
High Temperature Valves - Iso, Relief

Power Conversion System (PCS)
Steam Generator

Balance of Plant (BOP)
Fuel Handling System - Prismatic
Fuel Handling System - Pebble Bed
Instrumentation & Control

Figure 3. Identified Critical SSCs

proven in relevant industry environments, at appropriate scale, or fully integrated with other
components. As such, the critical SSCs for the NGNP, as shown in Figure 3, typically have a
TRL rating of less than 7. Components that had not been demonstrated at the temperature and
pressure anticipated in NGNP’s helium environment could not be rated at high TRLs. Similarly,
components with significant materials issues attained TRL ratings of 3 or 4.

Just as immature technologies inserted into a plant can cause problems, designs need to advance
to the point of informing R&D of the tasks needed to better the design. As depicted in Figure 4,
very high risks are acceptable to the project during pre-conceptual design and at early levels of
technology readiness. However, as the project advances through final design, risks must be
driven to moderate and low, and technology readiness advanced to higher levels.
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Figure 4. Design, Risk, and Technology Readiness Advance in Parallel

Technology Development Roadmaps

With the baseline SSCs and their associated TRLs defined, a TDRM is developed to guide the
needed maturation. The TDRM process identifies the key selection discriminators; defines tasks
for down selection of technologies; documents current TRL baselines; defines tasks to mature
technologies; and establishes test plans to achieve selected TRL step change milestones. The
steps in the process include Structure Identification, Technology Readiness Assessment,
Technology Selection, Technology Maturation, and Test Plan Development. The resulting
roadmaps set the project course for technology selection, qualification, and maturation in a
fashion that enhances project performance and facilitates on-schedule and on-budget success.

An early step in technology maturation is to select between competing technologies. In
technology down selection, decision discriminators are developed as the important parameters
that a successful technology would have to satisfy to assist NGNP in meeting its mission. This
list of parameters is then consolidated into key selection discriminators that focus the data
collection on the parameters important to the NGNP, namely those that distinguish the benefits
of one technology from another. Typically, technologies or components must be matured to a
TRL of 5 to proceed with down selection when the technologies are sufficiently understood and
the risks of making the wrong choices are minimized. Where appropriate, the units of the
discriminator are determined. This ensures that the discriminator is indeed measureable. Typical
technology down selection tasks are as follows:



e Identify all decision discriminators

e Consolidate decision discriminators

e Define decision discriminators (units and equations)

e Determine level of data needed (qualitative, semi-quantitative, quantitative)

e Determine the tasks required to obtain the discriminating information necessary to
perform the comparison of alternatives and ultimate down selection. These tasks will
include studies, tests, evaluations, modeling, simulations, qualitative analysis, and
quantitative analysis.

The down selection and needed data gathering activities are depicted in the TDRM. Down
selection often results in a preferred technology along with backup technologies. The TDRM is
used to depict the performance criteria that the primary technology must achieve as well as “off
ramps” to the backup technology in the event that the primary technology fails to meet the
required performance criteria.

The TDRMs visually depict the current TRL of critical SSCs; the steps required to advance the
system to the desired end state; the schedule associated with TRL advancement activities; related
design decisions, alternatives, and discriminators; and a summary of the major risks. Ultimately,
the TDRM process helps to focus R&D efforts and engineering studies on the known risks to
advancing the selected technology and satisfying the increasingly demanding and scaled up tests.
As the technology achieves the performance criteria required for advancing technology
readiness, the uncertainty associated with the successful implementation of that technology is
reduced. The probability of realizing negative consequences is also reduced as technologies are
demonstrated in increasingly relevant environments, at larger scales, and in integrated settings
(i.e., increased technology readiness levels), as shown in Figure 5.
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Figure 5. Executing the Roadmap increases Readiness while Reducing Risk.

In the NGNP application, TDRMs provide the required structure and are the primary means to
systematically perform risk-informed decision making, risk reduction, technology down



selection, and technology qualification and maturation in a cost-effective and timely manner.
Additionally, TDRMs serve to coordinate engineering, R&D, and licensing efforts efforts and to
mitigate risks early in the NGNP project. Technology roadmaps for the 16 critical NGNP SSCs
were developed to:

e Set the vision for maturing technologies to the required TRL

e Identify the key selection discriminators and drive the needed actions to down select
technologies and designs

e Ensure technology readiness is demonstrated through testing, modeling, simulations,
piloting, and prototyping, as appropriate

e Provide early identification and resolution of technical risks

e Avoid late project technical challenges, which manifest themselves as cost overruns and
schedule delays

e Develop the test plans to provide demonstrable evidence of the technology maturation
required for codification and qualification.

The set of TDRMs along with their associated documentation represent the path forward for the
NGNP project to complete its mission, which consists of the research, development, design,
construction, and operation of a prototype nuclear plant. Performance criteria are shown on the
TDRM as a basis for TRL advancement.

The major technical risks identified for each critical SSC represent the overall uncertainties that
must be addressed and reduced to enhance the probability of a successful NGNP. These risks are
generally reduced as a technology is developed per the tasks in the TDRMs. A risk that is not
shown but requires addressing each of the SSCs is one of system interconnectivity.
Interconnectivity is proven and further reduced as one tests integrated and large-scale systems
rather than mere components. This risk is not reduced sufficiently until the NGNP is system
operability tested and successfully receives a TRL of 8. The majority of risk should be reduced
prior to achieving a TRL of 5. To reduce cost and schedule overruns, the TDRMs are designed to
reduce risk at the lowest possible TRL.

Integrated Schedule and Prioritization

Once the TDRM is developed with the tasks necessary for TRL advancement and risk reduction,
these tasks can be used as a framework or input to the overall integrated schedule for the project.
The tasks are laid out on the TDRM in time order, which enables an easy transfer to an
integrated schedule. Detailed TDRM tasks can then populate the integrated schedule for planning
and execution.

Conclusion

Roadmaps are used to identify and assess the current state of technology; create a consensus
vision of R&D and engineering studies required to advance technology; focus R&D resources;
provide a structured, defensible decision project plan; expedite new systems deployment; and
minimize project costs and schedules. Adapting INL’s proven technology roadmapping
methodology and tools to the project remediation challenge can realize the following benefits:



e Measure the merit of relevant technologies
e Accelerate application of new technologies
e Facilitate informed decision-making

e Reduce risks associated with system and technology integration.
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