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ABSTRACT 

This paper describes the requirements for a large-scale component test 
capability to support the development of advanced nuclear reactor technology 
and their adaptation to commercial applications that advance U.S. energy 
economy, reliability, and security and reduce carbon emissions. This evaluation 
was based on the requirements identified to-date for large-scale component 
testing in the Next Generation Nuclear Plant (NGNP) Project. As the lead project 
in the U.S. Department of Energy Generation IV Nuclear Energy Systems 
Program, the NGNP Project has the more developed set of requirements, when 
compared with the other projects in the Program. It is judged that the conclusions 
reached in evaluating the needs for large-scale testing for the NGNP Project will 
translate to the other projects because of similar developmental needs such as in 
prime movers, heat transfer and transport, energy and conversion process 
development. The evaluation also factored in requirements of the “hybrid” 
energy systems that apply advanced reactor technology to the processing of fossil 
feedstock such as biomass and coal for production of cleaner transportation fuels, 
and relevant industry experience that benefitted from large-scale testing. 
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EXECUTIVE SUMMARY 

Prologue 
This paper summarizes the (1) requirements and bases for large-scale component test capabilities to 

support the development of advanced nuclear reactor technologies and (2) form of the hardware that has 
been developed to provide these capabilities. The requirements for the large-scale testing are based on 
preconceptual and conceptual design work performed in support of the Next Generation Nuclear Plant 
(NGNP) Project. The NGNP is the lead project of the U.S. Department of Energy (DOE) Generation IV 
Nuclear Energy Systems (Gen-IV) program with the objective of commercializing high temperature gas–
cooled reactor (HTGR) technology. Given the current maturity of selected NGNP Project technologies, it 
is necessary to identify high technology risks early to avoid cost overruns and schedule delays later in the 
project’s life cycle. 

The need for large-scale testing has evolved from the design data needs (DDNs) identified to-date in 
NGNP design planning and from the integrated technology development roadmap (TDRM) program 
developed in collaboration with the applicable reactor suppliers of the NGNP Project. To advance 
technology maturity and reduce risk, the TDRM combines several levels of research and development 
(R&D), analysis, design, and testing for those critical technologies required to support economic, reliable, 
and safe operation of the HTGR. The NGNP TDRM program includes the widely applied National 
Aeronautics and Space Administration (NASA) method to assess technology readiness levels (TRLs) and 
the approach for advancing them. The TDRM process emphasizes testing to validate the understanding 
and viability of each advanced technology at every phase of its advancement. Industry and DOE 
experience have also shown that large-scale testing is necessary to prove the viability of critical 
technologies at full or near full scale prior to installation in the plant so that major cost overruns and 
schedule delays may be avoided. Although these large component testing capabilities are based on the 
initial needs of the NGNP Project and the subsequent HTGR fleet deployment, it is anticipated that they 
will also prove useful in the development of other advanced reactor technologies in the Gen-IV program 
since they all have developmental needs similar to NGNP (e.g., prime fluid movers, heat transfer). As 
these programs increase in maturity and the demand for large component testing is reduced, the same 
capabilities/hardware will play a significant role in the integration of industrial HTGRs. The latter use of 
these capabilities could reduce the operating costs of the facilities, maintaining it as a user facility. 

Integrated large-scale test capabilities are therefore, an important and necessary resource in the 
development of advanced energy technologies. The application of those technologies is vital to 
improvement of the long term energy portfolio of the United States (e.g., in economic, environmental, and 
energy security terms). 

Summary 
NGNP is the lead project of the Gen-IV program. The mission of the Gen-IV program includes the 

development of advanced nuclear energy technologies that will allow the United States to continue to 
exploit economic, safe, clean, and domestic nuclear energy to meet its energy needs. This program 
addresses the development of molten salt and lead cooled reactors, supercritical water reactors, sodium 
fast reactors, and the NGNP Project. The NGNP project has the objective of commercializing the 
application of HTGR and very high temperature reactor technology. This graphite moderated reactor 
technology provides higher temperature energy than conventional light water reactors and can be used as 
a viable and economical substitute for the burning of fossil fuels in a wide range of commercial 
applications such as producing hydrogen, supplying steam or process heat for a wide range of industrial 
applications, and high-efficiency electricity in co-generation applications. This technology, when 
deployed, can mitigate the uncertainty in long term energy availability and costs that have occurred due to 
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fluctuations in traditional fossil energy supplies such as oil and natural gas. Deployment of this 
technology also reduces emissions of greenhouse gases associated with the burning of fossil fuels, 
conserves our indigenous resources for more productive uses (e.g., feedstock for chemical processing), 
and reduces our reliance on foreign sources of energy. 

The NGNP Project was initiated in accordance with the provisions of the 2005 Energy Policy Act 
(EPAct). The EPAct charges DOE with the design, development, and construction of a plant that 
demonstrates the production of hydrogen or electricity, or both, using the HTGR technology in 
commercial applications. This technology is to be licensed by the Nuclear Regulatory Commission 
(NRC). To date, the NGNP Project has completed preconceptual design work, initiated conceptual 
designs, and initiated licensing discussions with NRC for plants with these capabilities. This work has 
been coordinated by Idaho National Laboratory (INL) under DOE direction. 

Over the course of preconceptual and conceptual design work completed for the NGNP Project at the 
time of this writing, approximately 450 DDNs have been identified to support design, licensing, 
construction and operation of the HTGR. Eighteen critical structures, systems, and components (SSCs) 
necessary to successfully design and license the HTGR have also been defined. A critical SSC is one for 
which significant design development is required because it is a either new technology or a significant 
extension from current experience with an existing technology. In this regard, the NGNP design extends 
technologies or develops new technologies in several areas. It will employ gas circulators two to three 
times larger (11 to 16 MWe) than those currently in service, (up to 5 MWe). It will use an indirect heat 
transfer/transport system with developmental intermediate heat exchanger designs (e.g., compact printed 
circuit, plate-fin, or welded plate designs), spiral tube heat exchangers, steam generators, piping, and 
isolation and relief valve designs. A further product of the NGNP preconceptual and conceptual design 
work included development of a scale of TRLsa and assessment of the current TRLs for each critical SSC. 

Eighteen Technology Development Roadmaps, including detailed plans and schedules, have been 
developed to address resolution of the DDNs and to advance the technology readiness of critical SSCs as 
required to support the schedule and commercialization objectives of the Project. To this end, the 
objective of these roadmaps is to advance the technology of critical components and systems sufficiently 
for application in the HTGR and to demonstrate reliable performance in commercial applications. The 
requirements for technology development range from the fundamental level (e.g., starting at the earliest 
conceptual stages such as for ceramic compact heat exchangers) to more advanced technologies that 
require a quantum increase in capability to satisfy Project needs (e.g., increasing the capacity of gas 
circulators, which require application of advanced electro-magnetic bearings and power supply 
connections). As is necessary in any project that is advancing technology, these roadmaps include 
combining several aspects of technology development and validation to ensure that the DDNs have been 
satisfied and that the components and systems that result from this process will support safe, reliable and 
efficient operation of the plant. As shown in Figure E-1, these aspects include analysis by suppliers and 
supporting entities (e.g., engineering and technology consultants), research and development (e.g., fuels 
and graphite qualification, material codification by national laboratories), testing in specialized facilities, 
(e.g., materials testing by national and other laboratories), testing in supplier facilities, (e.g., bench-scale 
testing of circulator electromagnetic bearing performance, testing of developmental valve operators) and 
final proof of principle and design testing at near full scale in a component test capability. Although the 
advancement of the technology readiness level of an SSC is along a linear scale (1 to 10) the process of 

                                                      
a. The TRL scale was patterned after that developed and used extensively by NASA. It assesses the technical readiness of an 

SSC within 10 progressive stages of development from preconceptual through conceptual, lab- and bench-scale validation, 
partial scale component and system testing to full- or near-full-scale testing for final validation of concept prior to installation 
in the plant (TRL 7 to 8). The ultimate readiness level is reached upon successful operation in the commercial plant. 
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advancement is iterative. The testing, analysis and R&D at each stage of development inform the design 
for the next stage and so on until the ultimate stage is reached with installation in the plant. 
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Figure E-1. Combined aspects of technology development and validation. 

Approximately 350 separate test requirements have been identified in the TDRMs. Tables A-1 
through A-3 in Appendix A summarize the tests identified by the three HTGR suppliers, including the 
objectives of each test, the test parameters, and the expected location for the testing. Two hundred and 
sixty of these tests have been slated for completion in specialized test facilities and vendor facilities. 
These tests are needed to validate the technology at each stage of development so it can be advanced to 
the next stage. Many of the technologies are starting at TRLs less than 4 or 5, requiring that testing begin 
at laboratory and bench-scale levels and then progress through higher scales until they are ready for full- 
or near-full-scale testing. These are the tests performed in the specialized and vendor test facilities, which 
then prepare the SSC for full- or near-full-scale testing. 

The ~75 tests identified, for which no facilities exist, are needed to ensure that the developmental 
component and system designs are ready for installation and operation in the plant. Although defined as 
tests, multiple objectives were included in each test plan and numerous individual tests could be viewed 
as multiple tests such that the actual number of individual tests identified could be much higher. 
Successful completion of all aspects of technology development is necessary to reduce risks and achieve 
successful operation in the plant. The ultimate validation of developmental success prior to installation in 
the plant is successful operation at full scale. 

The studies performed to summarize and develop specific requirements for the testing of NGNP 
critical SSCs at representative scale also evaluated whether facilities exist that have these capabilities. 
These studies performed preliminary reviews of the capabilities of existing test loops in the United States, 
Europe, South Africa, and Russia, and concluded that none of these facilities have the required 
capabilities. The larger loops (~10 MWt) are no longer operating and have been dismantled or 
mothballed. The smaller loops do not have the combined flow, pressure, and temperature capabilities, and 
are designed for very specialized and focused purposes (e.g., the Helium Test Facility in South Africa). 
Other alternatives for obtaining the necessary large-scale and integrated testing were also considered. 
These included: 
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1. Do Nothing—no large-scale testing of NGNP critical SSCs except during cold start-up in the plant. 

2. Distribute the testing requirements to the component and system vendors as part of the specifications 
for procurement. 

3. Modify existing facilities (mostly overseas) to support NGNP large-scale test needs. 

4. Construct a stand-alone facility to house and operate test loops designed to meet NGNP large-scale 
testing needs. 

Evaluation of the above alternatives and any others not yet identified for establishment of the 
component test capability will be developed following the approval of this Mission Needs (critical 
decision [CD]-0) and submitted as part of the CD-1 approval request. 

The development of a large-scale component test capability also complements the objectives of the 
Battelle Energy Alliance/INL Energy Security Initiative, which includes the Hybrid Energy System 
development program. This program is undertaking accelerated integration of nuclear power, including 
the HTGR technology, with broader energy system development such as production of synthetic 
transportation fuels derived from coal and biomass. This program takes advantage of the non-carbon-
emitting characteristics of nuclear power energy for the production of very low carbon electricity, 
transportation fuels, and process heat. The objectives of the Hybrid Energy System Program are to 
develop and demonstrate the overall efficiency, environmental performance, and economic benefit of 
these systems to the United States. An important element of this program is the Hybrid Systems Testing 
(HYTEST) Laboratory, which will be developed to advance critically enabling engineering research in 
the areas of feedstock preparation, heat transfer, fuels and product synthesis, byproduct management, and 
advanced diagnostics and controls. The HYTEST Laboratory will also address component/system 
integration and dynamics challenges. Many of these component and process level challenges are common 
with NGNP needs. The projects will be leveraged to support NGNP test program needs as shown in 
Figure E-3. 

 

FY08  FY10  FY12 FY14 FY16 FY18 FY20 FY22

BCTC & IEDF 
HYTEST LAB

HYTEST
Pilot Scale

PDU  

Subsystem
Demonstration

HYTEST
Demonstration

Secure Energy Island
HYTEST Plant Operation

Demonstration

NGNP

Demonstration
Commercial 

 
Figure E-3. HYTEST component and process testing scales. 

Project management principles and risk reduction practices emphasize that technology be well 
understood before starting construction and/or operation of major developmental projects. Industry 
experience demonstrates the consequences of not following these principles. Relevant examples include 
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U.S. Government Accountability Office assessments of DOE projects that have had significant cost and 
schedule overruns. These assessments cited the following, in part, as contributors to these overruns: 

• Approval of construction activities before final designs were sufficiently complete, ineffective project 
reviews 

• Poor contractor management…owing in part to technology integration problems 

• Proceeding with technology that is not sufficiently developed 

• Technology had not been used previously in this application and it did not work in tests as expected, 
even after construction had already begun. 

The Government Accountability Office made the following recommendation: 

To improve oversight and decision making for DOE’s major construction projects, we 
are recommending that the Secretary of Energy evaluate and consider adopting a 
disciplined and consistent approach to assessing TRLs [the NASA approach was cited as 
an example] for projects with critical technologies. 

As noted, this is the basis and objective of the Technology Development Roadmaps developed for the 
NGNP Project. 

Figure E-4, excerpted from an Electric Boat presentation, illustrates the need for early detection of 
defects in the design process. It shows that design decisions made early in the process have a major 
impact on the total project cost; for example, decisions in conceptual design account for 70% of the 
committed cost of the project. The redline shows the consequence of late detection of defects in the 
design. Correcting defects in the development phase cost 100 times the cost of correcting them in the 
conceptual design phase and 1,000 times in the production phase. Clearly, successful execution of the 
TDRM process, including testing, is critical to avoiding late detection of defects in the design and 
maintenance of the project on schedule and within budget. 
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Figure E-4. Innovation impact on program cost. 

In summary, this paper describes the requirements for a large-scale component test capability to 
support the development of advanced nuclear reactor technology and their adaptation to commercial 
applications that advance U.S. energy economy, reliability, and security and to reduce carbon emissions. 
This evaluation was based on the requirements identified to date for large-scale component testing in the 
NGNP Project. As the lead project in the Gen-IV program, the NGNP Project has the more developed set 
of requirements when compared with the other projects in the program. It is judged that the conclusions 
reached in evaluating the needs for large-scale testing for the NGNP Project will translate to the other 
projects because of similar developmental needs such as in prime movers, heat transfer and transport, and 
energy conversion process development. The evaluation also factored in requirements of the hybrid 
energy systems that apply advanced reactor technology to the processing of fossil feedstock, such as 
biomass and coal, for production of cleaner transportation fuels and relevant industry experience that 
benefitted from large-scale testing. 

Although the large-scale component test capability is essential in the short term for expedient 
development and application of the advanced nuclear reactor technologies, it has an equally important 
long-term role in supporting the continuing development of the full potential of these technologies by 
supporting advances in their capabilities and application to evolving and wider ranges of applications. 
The NGNP Project is only the beginning of the development of advanced nuclear reactor technologies 
and their expanded uses. Individually and in sum, the development and commercialization of advanced 
nuclear reactor technologies will introduce economical, reliable, and sustainable resources to the energy 
supply portfolio of the country. Other significant benefits of this energy supply to the country and 
environment are that it does no release greenhouse gases; uses domestically supplied fuel; and replaces 
the burning of fossil fuels, thereby improving our energy security by reducing our dependence on offshore 
sources and effectively utilizing our domestic sources of fossil fuels. The Gen-IV and hybrid nuclear 
programs discussed herein, including NGNP, have only begun to develop and exploit the benefits of these 
technologies. A large-scale component test capability that can be accessed by domestic and international 
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supporters and developers of advanced nuclear reactor technology provides an essential resource for 
ensuring the expeditious and continued development of these important technologies. 
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Evaluation of Integrated High Temperature Component 
Testing Needs 

1. INTRODUCTION 
This paper summarizes the need for a U.S.-based, large-scale component test(ing) capability to 

support the development of advanced nuclear reactor technology. This need was demonstrated by 
reviewing the testing requirements identified for the Next Generation Nuclear Plant (NGNP) Project—the 
lead project in the U.S. Department of Energy’s (DOE’s) Generation IV Nuclear Energy Systems 
(Gen-IV) program. An essential step in the commercialization of advanced nuclear reactor technology is 
large-scale testing to demonstrate performance of advanced systems and components when unacceptable 
risks cannot be mitigated adequately by analysis, simulation, or small-scale tests. A widely accessible 
large-scale component testing capability will permit new designs, new materials, and new instrumentation 
and control systems to be validated, fabricated, and tested at appropriate scale before placement into 
nuclear service. Testing is thus a fundamental element of effective risk management for technology 
development programs in that it helps identify defects throughout the design process, thereby addressing 
and mitigating risks associated with project cost and schedule and the performance risks associated with 
these defects. The consequences of not applying effective testing in technology development programs 
have been demonstrated by many DOE programs that have experienced significant cost and schedule 
overruns. This capability is needed by suppliers of equipment and services in the nuclear industry to 
facilitate the re-emergence of domestic nuclear components and system suppliers. 

This paper summarizes the Gen-IV program with emphasis on the NGNP Project and its status and 
the technology development, including testing; risks addressed and mitigated by specific testing 
requirements identified to-date, and basic project management principles and industry experience that 
demonstrate the need and benefits of large-scale testing to the success of developmental projects. 
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2. PROGRAMMATIC APPLICATION 
The need for a large-scale component testing capability derives from a broad range of advanced 

nuclear energy technology development programs and U.S. energy security initiatives. The elements of 
these programs, which establish the specific requirements for large-scale component testing, are 
summarized in this section. 

2.1 Generation IV Program 
The mission of the DOE Office of Nuclear Energy (NE) includes the development of advanced 

nuclear energy technologies that will allow the United States to continue to exploit safe, clean, and 
expanded uses of domestic nuclear energy to meet its energy needs.1 Ongoing programs supporting this 
mission include the Department’s Generation IV Nuclear Systems Initiative, which supports the 
development of advanced nuclear reactor technologies. The program goals include:2 

 

To these ends, the following technologies have been selected for development3: 

• Gas-cooled fast reactor system 

• Lead-cooled fast reactor system 

• Molten salt reactor system 

• Sodium-cooled fast reactor system 

• Supercritical-water cooled reactor system 

• Very high temperature reactor system. 

The Gen-IV Implementation Plan concluded that: 

“…as priority 1, we should: Develop a Next Generation Nuclear Plant to achieve 
economically competitive energy products, including electricity and hydrogen … 

The highest priority is on the development of a more economically competitive system to 
meet growing energy demand and maintain the share of nuclear energy in the United 
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States. Successful development of an economically competitive nuclear energy system 
will be a major focus of the Office of Nuclear Energy, Science and Technology through 
the development of a VHTR-based system designed to produce cost-effective electricity, 
and which offers the potential to produce commercial quantities of hydrogen in the 
future. This technology is known as the Next Generation Nuclear Plant (NGNP). The 
Department expects to complete key R&D for the NGNP by about 2010. 4 

2.2 Next Generation Nuclear Plant 
DOE-NE initiated the NGNP Project for the development of high temperature gas-cooled reactor 

(HTGR) technology for producing electricity and hydrogen under the provisions of the 2005 Energy 
Policy Act (EPAct).5 Although the EPAct focuses on the production of electricity and hydrogen, the 
HTGR technology will also have other commercial applications such as supplying steam and hot gas to 
chemical and refining processes and producing steam, electricity, and hydrogen to support oil sands and 
oil shale extraction processes.6 Process heat, hydrogen, oxygen, and electrical power are also beneficial to 
the conversion of coal to synthetic fuels and chemicals.7 At the date of this writing, the NGNP Project has 
completed preconceptual design and initiated research and development (R&D) programs in fuels, 
materials, and methods.8 This design work has been completed primarily by three teams of companies 
headed by the three principal suppliers of the HTGR technology—General Atomics, AREVA, and the 
Republic of South Africa’s Pebble Bed Modular Reactor (PBMR)—referred to herein as the “supplier 
teams.” 

In the course of completing this work, specific design data needs (DDNs) have been identified to 
advance the designs. A significant fraction of the needs are associated with developing first-of-a-kind 
advanced structures, systems, and components (SSCs) and the practical integration of these components 
into robust systems. The advancement of the technological readiness of these SSCs requires the 
systematic application of testing to validate the designs, starting with laboratory bench-scale to large-scale 
prototype testing prior to installation in the plant. Since these are the contemporary requirements of the 
Gen-IV program, the testing requirements identified to-date for the NGNP Project are used herein as 
bases for establishing the requirements for a large-scale component test capability. 

It is judged that the testing needs of other Gen-IV advanced reactor technologies will align 
generically with those of NGNP, including the development of prime movers, heat transfer and transport 
equipment, advanced instrumentation and controls, and the qualification of energy conversion 
technologies. It is also true that a test facility intended to support the development of advanced 
technologies must be adaptable to varying interface and support requirements because, by definition, 
advanced technologies will not be at a stage of technology readiness or design development at which 
specific and rigid test capabilities can be defined. Accordingly, although the mission needs and potential 
characteristics of the test capability are focused on the NGNP Project requirements herein, the specific 
characteristics of a test capability must be flexible enough to support other advanced reactor technologies. 

2.3 Hybrid Energy Systems 
The NGNP Project has a role in supporting Idaho National Laboratory’s (INL’s) initiative to develop 

hybrid energy systems. The objective of the initiative is to accelerate the application of nuclear energy 
into broader energy application markets, simultaneously advancing economic competitiveness, energy 
resource security, and environmental sustainability. Alternate nuclear applications of primary interest 
include nuclear-fossil-renewable energy hybrids for low-carbon transportation fuels, process heat, and 
chemicals. Nuclear energy integrated into advanced hybrid systems opens several intriguing opportunities 
to advance energy security. Nuclear power can be used to produce clean power that can then operate the 
energy intensive equipment needed in oil refining and unconventional fossil energy extraction. It can also 
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be used to split water into molecular oxygen and hydrogen using electrolysis or one of several possible 
thermal chemical processes. This hydrogen and oxygen can then be used with nuclear heat and power to 
enhance the conversion of biomass and fossil fuels into synthetic transportation fuels, substitute natural 
gas, and other vital chemical products and commodities. Properly designed hybrid systems can also serve 
as a platform to bring intermittent renewable energy such as wind into production by supplying a platform 
that stabilizes electrical grids by optimizing what energy products are produced (e.g., liquid fuel, 
electricity, process heat) based on need. In view of present concerns for secure energy sustainability and 
climate control, a program for nuclear-driven energy systems development and commercialization is 
essential. This program will expand the commercial uses of nuclear energy to supply high temperature 
process heat to traditional processes or manufacturing operations. To support this program, INL is 
establishing a Hybrid Energy Systems Testing (HYTEST) Laboratory that will be used to acquire 
performance data, identify scalability issues; quantify technology gaps and integration needs for various 
hybrid or other energy systems; and provide infrastructure to develop solutions in the following 
functional areas as shown in Figure 1: 

• Feedstock Processing, including resource extraction, and supply 

• Heat Transfer/Energy Integration 

• Byproduct Management 

• Product Synthesis 

• System Monitoring, Diagnostics, and Controls. 

 

FY08  FY10  FY12 FY14 FY16 FY18 FY20 FY22

BCTC & IEDF 
HYTEST LAB

HYTEST
Pilot Scale

PDU  

Subsystem
Demonstration

HYTEST
Demonstration

Secure Energy Island
HYTEST Plant Operation

Demonstration

NGNP

Demonstration
Commercial 

 
Figure 1. HYTEST component and process testing scales. 

The NGNP large-scale component test capability is a key factor in the planning of this program (a 
summary of HYTEST program is included in Appendix B). The HYTEST program will effectively carry 
new technology applications and systems integration concepts through DOE Technology Readiness 
Levels (TRL) by establishing testing and demonstration laboratories at three locations. In FY 2009, INL 
will setup and integrate lab and bench scale components for each of the four functional test areas at the 
Bonneville County Technology Center and the Idaho Engineering Development Facility. A 
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reconfigurable pilot-scale HYTEST will be installed at the INL in a facility with the forthcoming Office 
of Biomass Programs Process Development Unit Laboratory, which will be available for testing 
beginning in FY 2011. This facility will combine the five functional areas in one location, incorporating 
high temperature heat transfer loops and heat exchangers to demonstrate nuclear heat transfer to fossil 
fuel and biomass feedstock conversion reactors. Engineering-scale tests will lead to commercial HYTEST 
demonstrations in a secure energy island demonstration platform. The combined activities will optimize 
design, reduce operational risk and lead to more solutions for reliable and safe operation of highly 
coupled nuclear thermal-chemical hybrid energy plants. In order to optimize system design and 
integration, to supplement current technology and to ensure reliable and safe operation, concurrent 
development and evaluation of new process instruments, supervisory control systems and virtual plant 
simulators will be required, all of which will need validation at full or near full scale. 
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3. COMPONENT AND SYSTEM DEVELOPMENT NEEDS 

3.1 Technology Development Roadmaps and Test Plans 
The NGNP Project has initiated the preparation of Technology Development Roadmaps (TDRMs) for 

critical SSCs as part of a Project Risk Management Program. These roadmaps, have been developed by 
the three reactor supplier teams. The TDRMs document the current state of the TRL of critical SSCs for 
NGNP and the steps necessary to advance the TRLs of these SSCs to the level established as being 
necessary for installation and operation in the plant.9,10 Certain elements of these roadmaps include the 
identification of relevant DDNs and the development of design, simulation, and testing required to 
address them. Where testing is identified, test plans are formulated. These test plans include the specific 
test requirements and a recommended location for the test. In cases where large-scale testing is identified 
as required and no known facility has the capability to perform the testing, the assumption is made that 
such a capability gap would be filled as part the technology maturation effort in support of NGNP. An 
example of the TDRM for an intermediate heat exchanger (IHX) is provided in Appendix C. A review of 
this TDRM illustrates that the testing requirements progress from bench scale to, where required, large-
scale prototype testing as the technology readiness of the design advances. The overall TDRM process 
has identified over 75 multi-objective tests that require large-scale testing to complete the maturation 
process of technologies associated with NGNP’s 18 critical SSCs. These tests provide the final validation 
of the design at appropriate scale to establish confidence in the reliability and performance of the 
component or system prior to installation in the plant. Because these components or systems are tested at 
scale, the tests also (1) establish that material sources and suppliers exist for the component or system, 
(2) confirm fabricability, (3) confirm that interfaces can be met in an integrated system, and (4) provide 
an effective mechanism for developing and proving procedures and criteria to satisfy prestartup and 
operational inspection and test program requirements. 

Since the NGNP is in the initial phases of conceptual design, it is reasonable to expect that additional 
tests requiring large-scale testing facilities will be identified as the designs progress. Later sections 
summarize the nature of the tests identified to-date and discuss risks that will be mitigated by 
performance of this level of testing. The following sections discuss other sources of potential testing 
requirements for the NGNP Project. 

3.2 NGNP Design Data Needs Identified in the NRC PIRT Process 
Potential additional sources of DDNs are issues raised during the licensing process with the Nuclear 

Regulatory Commission (NRC). In late FY 2007 and early FY 2008, the NRC initiated the Phenomena 
Identification and Ranking Table (PIRT) process for the NGNP Project.11 To ensure that each of the 
reactor suppliers considered the PIRT identified issues, each of them were tasked to provide a 
reconciliation of their associated DDNs against those issues included in the NRC developed PIRT. As of 
the date of this paper, AREVA and General Atomics have completed their reconciliation reviews.12,13 As 
stated in Reference 13, “The PIRT process is an NRC protocol for providing an expert assessment of 
safety-relevant NGNP phenomena and for assessing NRC’s R&D needs [i.e., NRC’s perception of the 
safety-related Design Data Needs (DDNs) for the NGNP].” This process, therefore, provides valuable 
insights into the potential impact of the NRC review process on identifying new DDNs. Reference 13 had 
the objective of determining “…the extent to which the DDNs identified by GA for its NGNP 
preconceptual design address the issues raised in the NRC PIRTs, (i.e., to determine if there are any 
significant technology “gaps” in the DDNs and/or in the planned technology programs).” A similar 
evaluation is scheduled for completion by Westinghouse Electric Corporation/PBMR in early 2009. 

The principal focus of the PIRT process is on nuclear safety issues associated with the reactor fuel 
and core materials for which there are extensive programs in place such as the NGNP Project advanced 
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gas reactor, advanced graphite capsule, high temperature materials, and methods R&D programs [Ref 13]. 
Reference 13 points out that there are no significant gaps between DDNs identified in the PIRT process 
and those identified to date in the NGNP Project design process. Areas where potential gaps may exist 
were considered as design related with no significant technology development required. Areas that could 
present licensing risks to the project are associated with safety evaluations and qualification of fuel, 
graphite, and high-temperature materials. These are being addressed in the NGNP R&D programs, which 
have been identified and are implementing testing programs to address these areas. 

As part of the NGNP licensing strategy, an extensive preapplication review process is being initiated 
with the NRC to provide early identification of issues for which additional qualification and testing work 
may be required. There is the potential, therefore, that additional testing requirements may develop during 
this process. 

3.3 Hybrid Energy System Initiative Large-Scale Testing Needs 
The hybrid energy systems program plan includes progressively larger scale and integrated testing to 

advance the technology readiness of components and systems to the level required for commercial 
application. As discussed above and shown in Appendix B, the proposed NGNP component test 
capability is a critical element in this plan with each program element leveraged against one another. As 
this program and the NGNP Project progress, the specific requirements for large-scale component test 
capabilities will be coordinated, thus maximizing the opportunity for leveraging life-cycle cost-savings. 

3.4 Testing Needs of Critical NGNP Project SSCs 
An objective of the majority of the Gen-IV advanced reactor technologies is to use heat transport 

fluids that can operate at higher temperatures for improved plant efficiency and which allow adoption of 
the technology to broader commercial applications that require higher temperatures such as efficient 
hydrogen production. This is a principal objective of the NGNP Project for the HTGR technology. The 
development of the materials, components and systems required to transport the energy from the reactor 
to the energy conversion system at the higher temperatures is one of the more challenging technical issues 
and dominates the nature of the Critical SSCs for NGNP. It is judged that this will also be a critical 
developmental area for the other advanced technologies once the state of development of these 
technologies advances to where NGNP is today. The work completed by NGNP in developing materials 
and components capable of operating at high temperature should spring board similar developments for 
these other technologies. 

The NGNP Project has defined critical SSCs as those for which development is required to ensure 
their reliability and performance in NGNP and/or for qualification to support plant licensing.9 This 
includes SSCs for which there is no relevant prior operating experience or for which the NGNP plant 
conditions represent an extrapolation from the prior experience that diminishes confidence in the 
reliability and performance of the SSC. The TDRMs for these critical SSCs identify the testing required 
to advance their TRL to the level required for installation in NGNP. Key components that require large-
scale testing include: 

• Reactor internals 

• IHX 

• Ducting and insulation 

• Mixing chambers 

• Steam generator 

• High temperature valves 
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• Specific application high temperature instrumentation 

• Contaminated gas purification loop 

• Special application for gas speciation monitors 

• Industrial hydrogen generation and storage components and 

• Helium circulators. 

The following section discusses those critical SSCs for which large-scale testing is required and for 
which no current location has been identified. These tests are used to frame the scope of the component 
test capability gap. 

3.4.1 Critical SSC Test Plans 

Tables A-1, A-2, and A-3 in Appendix A identify the specific test plans identified to date and 
associated with the critical SSCs as identified in work conducted by AREVA, PBMR, and the General 
Atomics support teams, respectively.9 The tables show the test plans required to progress the TRL for 
each Critical SSC to a Level 8, which is required for installation in NGNP, and the recommended 
locations for each test. The figures have been color coded to identify those test plans that require a large-
scale test capability. Table A-4 summarizes the TRL definitions. Table A-5 presents only those test plans 
requiring a large-scale test capability. Advancement to TRL 7 requires integrated testing in operational 
environments. This testing is to be completed at full scale or an appropriate scale representative on a 
technical basis of the scale of the components to be installed in the plant. The specific test objectives, 
conditions, data collection requirements and suggested location for each of the tests are in the test plans 
referenced in Table A-5 and which are found in Reference 9. 

The objectives of these test plans can be grouped into a few categories: 

• Confirmation of the thermal hydraulic performance at scale to validate models and to support 
completion of analyses such as the radial heat transfer path 
from the fuel elements to the reactor cavity cooling system 
considering gap conductance, bypass flows, fuel and reflector 
block conduction, core barrel emissivity, etc., as shown in 
Figure 2. 

• Confirmation of the mechanical performance and system 
interfaces under normal and accident operating conditions at 
scale (e.g., testing of control rod full length guide tubes and 
control rods at temperature and pressure, operation and leak 
tightness of valves at temperature, pressure and pressure 
differential). 

• Demonstrate the performance, reliability, and viability of 
interfaces for advanced heat exchanger designs such as shell 
and spiral tube and compact as shown in Figure 3 at scale in 
integrated subsystem tests under normal operating and 
abnormal operating conditions, (e.g., higher primary to 
secondary pressure differential, rapid thermal and pressure 
transients conditions).  

Figure 2. Illustration of radial heat 
transfer path from fuel elements to 
reactor cavity cooling system. 
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• Demonstrate the performance of advanced steam 
generator designs (see Figure 4) at scale in integrated 
subsystem tests to confirm thermal hydraulic 
performance, flow stability and controllability of feed 
water and steam flows, understand limits on conditions 
affecting flow induced vibration of tubing, etc. 

• Confirm performance, stability, transient response, 
controllability and interfaces of the gas circulators (see 
Figure 5) under normal and abnormal operating 
conditions in integrated subsystem tests with the heat 
exchange components such as heat exchanger, steam 
generator, valves when installed, gas ducts. A 
specific area of interest is the stability and 
performance of parallel circulator operation, motor 
cooling performance, seal performance, etc., at scale. 

• Confirm the flow regimes, performance and critical 
interface configurations at the core hot gas outlet 
plenum to hot duct interface, the hot duct itself and 
IHX or Steam Generator hot gas and cold gas 
interfaces as shown in Figure 6. 

 

 

 

 

• Confirm performance of advanced instrumentation and 
viability of interfaces with plant components, (e.g., 
instruments for measurement of high temperatures, gas 
species, pressures and gas flow rates, flux monitors at 
normal and abnormal operating conditions). 

 
Figure 3. Advanced heat exchanger designs. 

 
Figure 4. Illustration of an advanced 
steam generator design. 

 
Figure 5. Illustration of a gas circulator. 

 
Figure 6. Reactor pressure vessel 
interface. 
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• Demonstrate hydrogen production processes at temperature and pressure and commercial module 
scale, (e.g., high temperature electrolysis, sulfur-iodine and hybrid-sulfur processes) in integrated 
subsystem tests with commercial scale components, (e.g., heat exchangers, steam generators, ducting, 
piping). 

• Confirm the performance of control systems in integrated scale testing such as secondary and primary 
gas loops as shown in Figure 7 with an IHX under rapid transient conditions such as caused by a trip 
of the secondary circulator, steam generator dump system performance under high moisture detection 
conditions in the primary loop indicative of a potential tube leak. 
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Figure 7. Illustration of control systems in secondary and primary gas loops. 

• Confirm proper operation of contaminated gas cleanup loop. 

• Develop and demonstrate inspection and test procedures that will be used for construction inspections 
and preliminary testing, hot startup and commissioning, and in-service inspections on primary and 
secondary components such as heat exchangers, steam generators, hot gas ducting, valves, circulators. 

Large-scale is required to ensure that the developmental component and system designs are ready for 
installation and operation in NGNP. The NGNP design extends technologies in several areas. It will 
employ gas circulators two to three times larger (11 MWe to 16 MWe) than those currently in service 
(up to 5 Mwe). It will use an indirect heat transfer/transport system with developmental IHX designs, 
(e.g., compact printed circuit, plate-fin, or welded plate designs), spiral tube heat exchangers and steam 
generators that are significant extensions of the state-of-the-art, and developmental isolation and relief 
valves. Significant design development and testing is required of these components to ensure successful 
operation in NGNP. 

The three candidate hydrogen generation processes are currently in laboratory scale development 
(high temperature electrolysis, hybrid sulfur, and sulfur-iodine). A large-scale component test capability 
is required to perform full scale engineering tests of these process modules prior to installation in NGNP. 
It is not practical to use the NGNP for this purpose. NGNP will be used to demonstrate production at 
commercial scale (multiple modules). 
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Tables A-1, A-2, and A-3 in Appendix A show the recommended locations for each of the test plans. 
The majority of the locations recommended for small-scale testing are the supplier facilities. The Supplier 
Teams include a number of potential suppliers of some of the components, (e.g., heat exchangers, steam 
generators, turbine generators, valves). These suppliers have been effective in supporting the development 
of testing requirements and assessing their capabilities and the capabilities of others in providing the 
testing facilities. As noted in the recommended location for the majority of the large-scale prototypes 
(TRL 7 and 8), testing is recommended for a component test capability. In summary, the design work 
performed to date for the NGNP has specified a considerable amount of testing to advance the technology 
readiness of the critical SSCs to the level necessary to have sufficient confidence in their performance and 
reliability to install in the NGNP. A large-scale-testing capability is required to meet these needs. 

3.4.2 Risk Assessment 

An objective of developing the TDRMs, which include the test plans, for the critical NGNP SSCs is 
to identify and address the areas that have significant risk to completing the NGNP Project within budget 
and on schedule. A further objective is to provide confidence that when the SSC is installed its reliability 
and performance will support reliable and efficient operation of the plant. Accordingly, risk assessments 
have been made for the critical SSCs addressing where such risks could affect Project cost, schedule, 
performance, and reliability and how the test programs and large-scale testing in particular can mitigate 
those risks. The risks fall into the following generally applicable areas, which identifies the testing 
addressed in each area: 

• Testing at every stage of design development reduces the risk of encountering defects in the design 
and therefore the significant cost, schedule, and performance impacts if those defects are discovered 
late in the design process or during plant operation. 

As noted in the TDRMs and test plans for NGNP, each phase of testing has a role in developing and 
proving the design of SSCs, including the analytic models that are used to predict the performance of 
the SSCs, individually and as part of an integrated system, for normal operating conditions (e.g., 
startup, plant power maneuvering, load demand variations) and abnormal conditions (e.g., component 
or plant trips, component failures). The validation of the models are important to ensuring that they 
are effective in confirming the design meets performance requirements and, where applicable, in 
performing the safety analyses in support of the licensing process (e.g., for nuclear safety related 
SSCs). The use of testing at each phase of the design process to validate the design and models can 
identify defects early in the design process. Studies and industry experience, discussed later, show 
that early detection of defects results in significantly lower impact on project total cost over 
identifying them later in the process. This is particularly true if the defect is discovered during plant 
operation. The TDRMs and test plans show that the final stage of testing, which has been emphasized 
herein at full scale or near full scale, is the final validation of the design in several respects (as 
discussed in the following). This step is critical to ensuring the performance and reliability of the SSC 
prior to installation in the plant. 

• Large-scale prototype testing proves the performance of plant scale components prior to installation. 

Subscale testing applied in the early and mid stages of the design process provides progressive 
validation of the design concepts. The final stage of large-scale prototype testing provides assurance 
of the component’s performance at plant scale (e.g., heat exchanger effectiveness, valve leak 
tightness, steam generator stability margins, hot duct insulation effectiveness, gas circulator stability). 
This reduces the risk of poor component performance when installed in the plant. 

• Large-scale prototype testing addresses the risk that there will not be a viable supplier for the SSC. 

The developmental aspects of many of the NGNP components (e.g., advanced heat exchangers, steam 
generators, valves, instrumentation) requires not only development and proof of the design but also 



 

 12

the development of suppliers for the components. This also includes supply of qualified material, 
particularly for components that will be exposed to the high temperatures expected during NGNP 
operation. A number of the NGNP Project DDNs address material qualification and supply issues. 
The experience in working with the material and component suppliers in producing the components at 
full or near full scale for prototype testing mitigates this risk and promotes assurance of material and 
component supply for NGNP and for subsequent commercial application of the technology. 

• Large-scale prototype test capability in a stand-alone DOE-owned facility becomes an important tool 
for a successful supplier development program. 

Few suppliers have proven to be viable in supplying HTGR components for yet-to-be-developed 
technologies. An excellent incentive in the support of supplier development would be to offer large-
scale component testing to suppliers for only the cost of utilities, encouraging lower risk development 
of competitive component suppliers. This will ultimately promote the development of industry and 
uniformly develop performance criteria for all suppliers interested in competing to provide HTGR 
critical SSCs. 

• Large-scale prototype testing mitigates the risk of encountering problems in fabricating the 
component that result in procurement and construction delays. 

The heat exchangers, steam generators, hot gas ducting, and some reactor internals are large, 
complex, developmental components. Their performance and configuration concepts will be proved 
through subscale and modular testing as their designs progress. The provision of full- or near-full-
scale prototypes will help identify any fabricability issues at the plant scale to reduce the risk that 
problems will be encountered during procurement for the plant or during plant construction. 
Examples of such problems that were encountered in actual projects are discussed below in the 
section on industry experience. 

• Integrated large-scale prototype testing of subsystems addresses the risk of incompatible interfaces, 
unacceptable interactions among components, or ineffective control systems that result in delays in 
construction, cold and hot startup testing and commissioning of the plant, or poor performance during 
operation. Assessing dynamic response in an integrated system will mitigate the risk of unacceptable 
steady state and transient performance early on. 

The NGNP TDRMs and test plans identify requirements for integrated large-scale testing of critical 
subsystems to prove the effectiveness of systems and controls in meeting plant performance 
requirements. Such testing in a facility separate from the plant can identify design problems prior to 
construction, startup testing, and installation in the plant. In the extreme, this avoids using the plant as 
the test bed and attempting to diagnose and resolve problems in the commercial and, in the case of 
nuclear technologies, heavily regulated environment. Industry experience, as discussed below, has 
shown the consequence of using the plant as the test bed. 

• The installation of large-scale prototype components in a test facility provides the opportunity to use 
hands-on experience with these components in the development of inspections and tests that will be 
used in plant construction, hot and cold startup testing, and in-service-inspections during operation. 
This reduces the risk of encountering problems with these inspection and test procedures during 
construction and commissioning resulting in delays or during operation causing extension of outages. 

3.4.3 Industry Experience 

Numerous project management guidelines and principles emphasize the need to ensure that 
technology is well understood before starting construction and/or operation of major developmental 
projects. Industry experience demonstrates the consequences of not following these principles. The U.S. 
Government Accountability Office (GAO) has performed several assessments of DOE projects that have 
had significant cost and schedule overruns for this reason. 
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The following excerpts are taken from two GAO accepted reports: 

• A March 2007 GAO review of DOE projects14 had the following general observations: 

“Nine of the 12 DOE major projects we reviewed have exceeded their original cost 
estimates and/or experienced schedule delays, principally because of ineffective DOE 
project oversight and poor contractor management, according to independent studies we 
reviewed and interviews we conducted with DOE and contractor project officials. 
Specifically, 8 of the 12 projects experienced cost increases ranging from $79.0 million 
to $7.9 billion, and 9 of the 12 projects are behind schedule by 9 months to more than 
11 years. Major factors cited for these cost increases and delays included the following: 

Ineffective DOE project oversight. For all 9 projects experiencing cost increases or 
schedule delays, poor DOE oversight was a key contributing factor. Project oversight 
problems included inadequate systems for measuring contractor performance, approval 
of construction activities before final designs were sufficiently complete, ineffective 
project reviews,[emphasis added] and insufficient DOE staffing and project management 
experience. 

Poor contractor management. Eight of the 9 major projects experienced cost increases 
and/or schedule delays, in part because contractors did not effectively manage the 
development and integration of the technology used in the projects, including not 
accurately anticipating the cost and time that would be required to carry out the highly 
complex tasks involved. For example, the National Ignition Facility has had over $1 
billion in cost increases and years of schedule delays owing in part to technology 
integration problems, according to the DOE project director.” 

• The review had the following comments on specific DOE projects: 

“DOE’s experience in the predecessor project to the Salt Waste Processing Facility—the 
In-Tank Precipitation (ITP) project process—at the Savannah River Site illustrates the 
potential consequences of proceeding with technology that is not sufficiently ready 
[emphasis added]. As we reported in 2000, the ITP project was selected in 1983 as the 
preferred method for separating highly radioactive material from 34 million gallons of 
liquid stored at the Savannah River site. … In 1985, DOE estimated that it would take 
about 3 years and $32 million to construct the ITP facility. After a number of delays, the 
ITP facility was constructed and began start-up operations in 1995, which were halted 
because of safety concerns about the amount of benzene that the facility generated. In 
1998, after about a decade of delays and costs of almost $500 million, DOE suspended 
the project because it did not work as safely and efficiently as designed. This suspension 
put an effective remedy for treating high-level waste at the Savannah River Site years 
behind schedule.” 

• The review had the following observations on the DOE-Waste Treatment and Immobilization Plant 
Project in Hanford, WA: 

“… DOE’s approval of construction activities before final designs were sufficiently 
complete has contributed significantly to project cost growth and schedule delays. As we 
have previously reported, the accelerated fast-track, design-build approach used for the 
Waste Treatment and Immobilization Plant, a highly complex first-of-a-kind nuclear 
facility, resulted in significant cost increases and schedule delays. 

….DOE’s experience with the Waste Treatment and Immobilization Plant is a case in 
point. Specifically, technology known as “pulse jet mixers” were used in the design of a 
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subsystem intended to prepare radioactive material for processing. However, this 
technology had not been used previously in this application, and it did not work in tests 
as expected, even after construction had already begun. Consequently, DOE incurred 
about $225 million in redesign costs and over 1 year in schedule delays, according to the 
DOE project director.” 

• In testimony presented to the Task Force on Natural Resources and the Environment in July 2000,15 
the GAO representative made the following observations: 

“A number of management and oversight problems caused DOE and Westinghouse 
Savannah River Corporation (Westinghouse), DOE’s contractor, to spend almost a half 
billion dollars and to take about a decade before deciding that the ITP process would not 
work safely and efficiently as designed. For example, in 1993, a technical review team 
reported that the contractor tended to react to problems after they occurred, rather than 
working to prevent them in the first place. The team also found that DOE lacked the 
necessary personnel for adequate oversight. Moreover, DOE and the contractor 
encountered delays in starting up the ITP facility because they had begun construction 
before the design of the process was completed. DOE and the contractor also did not 
adequately understand the cause of the technical problems—such as a lack of 
understanding of the chemistry involved in the ITP process--that made the process 
unworkable. … the contractor appears to be focusing on an engineering solution on the 
basis of untested assumptions.” 

• The March 2007 GAO review of DOE projects15 made the following recommendation to improve 
DOE’s understanding of the technological readiness of developmental components and systems: 

“To effectively assess technology readiness, NASA pioneered and DOD has adopted a 
process for measuring and communicating technology readiness for first-of-a-kind 
technology applications. This process uses a nine-point scale for assessing TRLs. Using 
this scale, a technology would receive a higher TRL value (e.g., TRL 7) if it has been 
successfully demonstrated in an operational environment, compared with a technology 
that has been demonstrated only in a laboratory test (e.g., TRL 4). Several DOE project 
directors we spoke with agreed that a consistent, systematic method for assessing 
technology readiness would help standardize terminology, make technology assessments 
more transparent, and help improve communication among project stakeholders before 
they make critical project decisions. 

To improve oversight and decision making for DOE’s major construction projects, we 
are recommending that the Secretary of Energy evaluate and consider adopting a 
disciplined and consistent approach to assessing TRLs for projects with critical 
technologies.” 

As noted in the prior sections of this report the NGNP Project has undertaken a comprehensive 
Technology Development Roadmap program with emphasis on establishing the current technology 
readiness of the critical SSCs and the work necessary to advance the technology readiness to the level 
necessary to ensure reliable and required performance of the SSC prior to installation in the plant. This 
work includes significant amounts of testing at every phase of technology advancement and design 
development. As noted previously, large-scale testing is the ultimate stage at which final assurance is 
obtained on the efficacy of the design before installation in the plant. 

The basis for early detection of defects in the design process is shown in Figure 8 (excerpted from the 
Electric Boat presentation to NGNP16). The figure shows that design decisions made early in the process 
have major impact on the total project cost (e.g., decisions in conceptual design account for 70% of the 
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committed cost of the project). The red line shows the consequence of late detection of defects in the 
design. The cost of not correcting defects in the conceptual design phase is 100 times more in the 
development phase and 1,000 times more in the production phase. Clearly, successful execution of the 
TDRM process, including testing, is critical to maintaining the project on schedule and within budget. 

 
Figure 8. Innovation impact on program cost. 

A difficult experience with gas reactor technology in the Fort St. Vrain plant17 is an example of how a 
supporting component that was not fully tested prior to installation can have a significant impact on the 
plant performance. In this case the primary gas circulators were driven by steam turbines. The seals on the 
turbine drives leaked into the primary coolant system causing frequent moisture ingress events that 
required plant shutdown and extended outages for primary system cleanup. These problems contributed to 
the early decommissioning, decontamination, and demolition of the plant. This experience also led to the 
use of electric driven gas circulators located outside of the core in the NGNP design. 

Finally, an example of the benefits of full-scale testing in ensuring the performance of SSCs prior to 
installation is the experience with the full-
scale mockup facilities in INL Bldg 765 
shown in Figure 9. The hookup tests out the 
instrumentation and controls of SSCs prior to 
installation in the HFEF hot cells as part of 
the Hot Cell Equipment Design Risk 
Management program. This program has been 
critical to ensuring that the equipment has the 
required performance and reliability and that 
the operators have the required access and 
controls to perform required functions before 
the equipment is inserted in the hot cell where 
access and ability to do hands-on work is very 
limited. This is a condition that is similar to 
and has the same benefits of testing on actual 
full-scale components as the NGNP Project.  

Figure 9. Full-scale mockup facilities in INL Bldg 765 
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Table 1. Summary of worldwide existing and planned fluid flow test facilities. 
Legend:  Decommissioned  Operational  Planned or in construction 

Facility 
Organization 

(Country) 

Heating 
Power 
(MW) 

Flow 
Rate 

(kg/sec) 
Pressure 

(MPa) 
Tmax 
(°C) 

Availability/ 
Applicability Comment 

Minimum 
facility 
requirements 

 ≥30 20 9 950 Needed These are requirements based on the 
current NGNP project schedule and the 
required number of test identified to 
date to be performed in parallel. 

EVO (Turbine) Germany 120 
M* 

80 
M 

3 
DM** 

750 
DM 

Dismantled  

HHV (Turbine) Germany 100 
M 

200 
M 

5 
DM 

850 
DM 

Dismantled  

CT-1383 (Main 
Circulator) 

OKBM 
(Russia) 

Not 
available 

95 
M 

4.9 
DM 

345 
DM 

Dismantled/prolonged 
storage 

 

KVK Loop AREVA 
(Germany) 

10.0 
DM 

4 
DM 

4 
DM 

950 
M 

Dismantled. Operated for 13,000 hours, 7,750 at 
900°C 1981 to 1986. 

CT-1312 OKBM 
(Russia) 

15 
DM 

4 
DM 

5 
DM 

965 
M 

Dismantled/prolonged 
storage 

Test of intermediate heat exchangers 
and steam generators. 

HENDEL JAEA (Japan) 10 
DM 

4 
DM 

4 
DM 

950 
M 

Dismantled.  

HTTF HTTU South Africa 0.5 
DM 

0.5 
DM 

10 
M 

1,600 
M 

Unavailable until 2012 
for currently scheduled 
tests. Specifically 
designed to test DPP 
Systems and 
components 

Insufficient thermal power and flow rate 
for engineering-scale test of NGNP 
Project components. Major upgrade 
needed to achieve 30 MW thermal 
power and 20 kg/sec flow rate. 

HTTF HPTU South Africa 0.1 
DM 

2.8 
DM 

5 
DM 

35 
DM 

Not applicable 
(specifically designed 
to test DPP Systems 
and components) 

Test fluid is nitrogen .System designed 
for high pressure, low-temperature 
(75°C) testing. Major modification 
required to support testing of NGNP 
Project components at 30MW thermal 
power, 20 kg/sec flow rate, 9 MPa 
pressure, and 950°C max temperature. 

HTF Pelindaba 
(South Africa) 

1.0 
DM 

0.5 
DM 

6 
DM 

1,000 
M 

Specifically designed to 
test DPP Fuel Handling 
System 

Major modification required to be useful 
to the NGNP Test Program at 30MW 
thermal power, 20 kg/sec flow rate and 
9 MPa pressure. Would be useful in all 
PBMR Fuel Handling System 
development activities.  

HELITE Loop CEA 
Cadarache 
(France) 

1.2 
DM 

0.4 
DM 

8 
DM 

950 
M 

See comment Design is complete; project is on hold 
waiting funding. Thermal power 
insufficient for engineering-scale tests 
of NGNP Project components. 

HELOKA FZK, Karlsruhe 
(Germany) 

3–8 
DM 

1.8–5.5 
DM 

10 
M 

700 
DM 

See comment In development, operational in 2009. 
Insufficient temperature capability for 
engineering-scale tests of NGNP 
Project components. 

AECL – SNL United States 0.5–1 
DM 

Not 
available 

Not 
available 

Not 
available 

See comment Configured for Brayton cycle critical 
CO2 fast gas reactor systems. Could be 
retrofit for helium gas-cooled thermal 
reactor work. Insufficient thermal power 
for engineering-scale test of NGNP 
Project components. 

  
Meets minimum technical requirements of this mission need 
Does not meet minimum technical requirements of this mission need 
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3.5 Existing Test Loop Capabilities 
On the basis of the critical SSC test plans as discussed in Section 3.4.1 of this paper, studies were 

performed by the reactor suppliers of the capabilities of existing test loops in the U.S., Europe, South 
Africa and Russia. These studies concluded that these facilities either do not have the required capabilities 
or are not suitable for NGNP testing. The larger ones (=10 MWt) are no longer operating and have been 
dismantled. The smaller ones do not have the combined flow, pressure and temperature capabilities and 
are designed for very specialized and focused purposes, (e.g., the Helium Test Facility in South Africa). 
In summary, only two such facilities that may have partial capability exist in the world and they are both 
offshore and dedicated to the development of technologies in those countries. In addition to these studies, 
an independent assessment of the available test facilities was conducted18 and concluded the following. 

Alternative high temperature test loops have been identified with similar capabilities to the 
component test capability but are not suitable for lifecycle support of the NGNP. 

• Existing loops give scheduling priority to their country/organization of origin. 

• Most loops are too small for full-scale NGNP component testing. 

• Additional independent facilities were identified for component-level and process-level testing. Due 
to limitations listed below, these facilities do not supplant the need for the proposed component test 
capability. 

• Component-level test facilities do not have access to high temperature and high pressure helium. 

• Component-level test facilities are not sufficiently large to perform full-scale testing. 

• Test facilities with NGNP related process experience (i.e., SI or Hybrid SI Loops) do not have the 
size or power infrastructure for full-scale testing. 

3.6 Considered Testing Alternatives 
The following provides various alternatives for completing the large scale integrated testing necessary 

to validate the interfaces and performance of critical systems and components prior to installation in the 
plant. These include: 

1. Do Nothing—no large-scale testing of NGNP critical SSCs except during cold start-up in the plant. 

2. Distribute the testing requirements to the component and system vendors as part of the specifications 
for procurement. 

3. Modify existing facilities (mostly overseas) to support NGNP large-scale test needs. 

4. Construct a stand-alone facility to house and operate test loops designed to meet NGNP large-scale 
testing needs. 

3.7 Additional Considerations for Conducting the Alternatives 
Analysis 

Evaluation of the above alternatives and any others not yet identified for establishment of the 
component test capability will be developed following the approval of this Mission Needs (CD-0) and 
submitted as part of the CD-1 approval request. 

The initial use of this capability will be in technology development support of the NGNP Project heat 
transfer and transport system components, reactor pressure vessel/internals, and high temperature 
instrumentation and controls. It also will provide a means for operator/maintenance training, offline 
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trouble shooting of component and system problems during the operation of NGNP, and for technology 
development of programs and processes that will support growing nuclear reactor technology 
development, including integration with industrial processes requiring high temperature heat sources. 

Because the initial use of this capability would directly support the NGNP Project, the NGNP Project 
development schedule has been used to create an integrated schedule (see Figure 1) for initial 
implementation of this capability. From the TDRMs developed for critical SSCs of the NGNP, an overall 
schedule and plan will be developed to support taking all critical SSCs to a TRL of 8, corresponding to a 
maturity level appropriate to an attractive commercialization offer. As critical SSCs are completed to help 
bring the NGNP on line, other activities can then be scheduled to support nuclear reactor development. 

Although the required large scale testing capabilities are anchored by the needs of the NGNP project, 
the testing needs of other international programs requiring high temperature process heat could potentially 
benefit from such a capability. These benefits are in the areas of advanced research and development to 
assist in commercial deployment of energy technologies and should be considered in the life cycle 
analysis of any proposed capability. These benefits are discussed in the following: 

3.7.1 Fusion Support Capability 

Fusion blanket technologies share much in common with fission energy conversion technologies. As 
a result, a component test capability for HTGRs would be of benefit to fusion. Two classes of fusion 
blankets are receiving the greatest attention worldwide: helium-cooled blankets with a variety of lithium 
ceramics to breed tritium, and a lithium-lead-cooled blankets. Both of these systems operate at high 
temperature. The helium-cooled blanket systems want to achieve outlet temperatures ranging from 
750 to 950°C. The lithium-lead-cooled blankets want to achieve outlet temperatures between 
500 and 700°C, depending on the structural material of choice. The key high temperature components that 
need to be qualified for the helium-cooled blanket systems are very similar to those for HTGRs 
(compressors, valves, and heat exchangers). For the lithium-lead-cooled systems, a lithium-lead test loop 
is added to the capability, which could be used to study the thermal hydraulic performance of lithium-
lead-cooled systems and the associated pumps, valves, and heat exchangers. One additional requirement 
for the lithium-lead-cooled blanket system would be to test the behavior of the coolant in the presence of 
a magnetic field where magnetic forces can change the flow and cooling behavior of the liquid metal. 
Insulators are under development to prevent magnetic penetration into the liquid metal to minimize this 
effort and the NGNP test capability could be utilized as a test bed to validate the performance of these 
insulators under a magnetic field and flowing liquid lithium-lead prototypic of a fusion system. 

3.7.2 Hybrid Energy End User 

The development of a large-scale component test capability is also complementary with the objectives 
of the Battelle Energy Alliance/INL Energy Security Initiative, which includes the Hybrid Energy System 
development program. This program is undertaking accelerated integration of nuclear power, including 
the HTGR technology, with broader energy system development such as production of clean burning 
synthetic transportation fuels derived from coal and biomass. This program takes advantage of the non-
carbon-emitting characteristics of nuclear power energy for the production of very low carbon electricity, 
transportation fuels, and process heat. The objectives of the Hybrid Energy System Program are to 
develop and demonstrate the overall efficiency, environmental performance, and economic benefit of 
these systems to the United States. An important element of this program is the HYTEST, which is being 
developed to advance critically enabling engineering research in the areas of feedstock preparation, heat 
transfer, fuels and product synthesis, byproduct management, and advanced diagnostics and controls. The 
HYTEST laboratory will also address component and system integration and dynamics challenges. Many 
of these component and process level challenges are common with NGNP needs, and the projects will be 
leveraged to support NGNP test program needs. 
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3.7.3 Other DOE Programs 

In addition to supporting advanced reactor R&D needs, including those for both HTGRs and 
Supercritical CO2 cycles, the component test capability may provide complementary support to other 
DOE programs. Among these are programs and initiatives that are targeting fossil-based energy systems 
that strive for both higher efficiencies and lower greenhouse gas emissions. Just as in the NGNP Program, 
advanced fossil energy boilers and steam turbines operating at ultra supercritical conditions require 
validation of component performance and behavior at temperatures up to 760°C or higher. Many of the 
components required for these fossil systems (pressure vessels, headers, heat exchangers, valves, turbines, 
etc.) will likely be fabricated using in part, some of the same alloys envisioned for NGNP, including 
Inconel 617 and Haynes 230. In the event that reactor vendors propose a steam generator be incorporated 
directly into the primary loop of the NGNP, tube materials equivalent to those suggested for advanced 
fossil energy systems may be used such as Alloy 800H. Similarly, both the NGNP and fossil programs 
have complementary needs in the area of corrosion, high temperature material oxidation, and erosion. 

Even if the configuration of the test loops currently identified within this capability gap were not to 
replicate the specific pressures envisioned for some fossil systems (>30 MPa), it may of utility in 
acquiring valuable data on the performance of components driven by temperature and secondary 
deformation controlled stresses such as differential thermal expansion in thick sections of the 
components. As such, valuable information on these loads as well as fabrication and joining practices, 
in-service inspection, and nondestructive examination that benefit other fossil energy initiatives may be 
achieved at with the component test capability subject to this report, even at lower operating pressures. 

3.7.4 DOE/NRC Programs 

In addition to supporting DOE R&D needs, the component test capability may provide 
complementary support to NRC programs. As noted in U.S. Nuclear Regulatory Commission Long-Term 
Research: Fiscal Year 2009 Activities: “Test facilities that provide empirical data on the performance of 
systems constitute an important part of the technical infrastructure supporting regulatory decision making. 
Separate effects facilities are utilized for activities such as model development and validation, and 
integral effects facilities are utilized for activities such as assessing overall system performance.”19 

The U.S. Department of Energy/Nuclear Power Industry Strategic Plan for Light Water Reactor 
Research and Development 20 identifies the need for cross-cut monitoring, which would apply to existing 
light water reactors and advanced reactor designs: 

• Technologies to conduct real-time performance monitoring of major nuclear plant components 
(e.g., reactor coolant pump seals) 

• Technologies, criteria, and methods to implement improved online monitoring, including sensors 
required for high-temperature operation and validation of related data processing/life estimation 
algorithms, to support operations and maintenance of plant equipment and components 

• Advanced inspection techniques for critical plant structures, systems, and components 

• Models of and monitoring techniques for environment-related phenomena and environmental 
variables affecting the rate of material degradation. 

As a test platform for integrated testing as well as accelerated effects testing (high temperature 
conditions), the component test capability may provide a critical ability to demonstrate and validate the 
development and application of new techniques and instrumentation relating to life management and 
operational reliability to seek to ensure the ability to deliver safe, reliable plants with a high capacity 
factor. Specific ways in which the component test capability could be used include as a test platform for 
diagnostics and prognostic monitoring instrumentation, and to give validation and verification for life 
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estimation methodologies, currently being considered for development under programs supporting the 
DOE-NE Light Water Reactor Sustainability Program (“Life Beyond 60: NRC/DOE Workshop on U.S. 
Nuclear Power Plant Life Extension Research and Development” initiative) and the NRC Proactive 
Management of Material Degradation Research Program. 

In addition to monitoring technologies, both NRC and DOE programs also have needs in digital 
instrumentation and controls (I&C) research that may be addressed in part through development and 
empirical testing capabilities available through a component test capability. The NRC’s current research 
plan for digital I&C includes needs for data to be used to establish a regulatory technical basis in the areas 
of diversity and defense in depth in digital systems for controlling and monitoring nuclear processes; 
highly integrated control rooms; security aspects of digital systems; and emerging technologies. Technical 
areas in the DOE Light Water Reactor Sustainability Program research pathway for digital I&C include 
advanced instrumentation, information, and control technologies; aging assessment and characterization 
of systems, structures, and components covered by 10 CFR Part 54 including concrete, cabling, buried 
piping and new materials; and advanced monitoring, characterization, and predictive performance 
management of materials. Leveraging capabilities that will be developed for a component test capability 
applications may provide suitable facilities for research in digital I&C technologies. 

A component test capability can support cross-cutting research of issues affecting both the current 
licensing basis of light water reactors in some of the areas mentioned when used to augment or accelerate 
testing in existing facilities, as well as to conduct research into advanced instrumentation, information, 
and monitoring technologies. 
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4. CONCLUSIONS 
A gap between component test needs and testing capabilities was identified during the development 

of test plans for first-of-a-kind components and systems for the NGNP. Hence, a mission need exists to 
fill this testing capability gap to mitigate technology cost and schedule risks. 

A need for large-scale testing capability has been shown to be necessary to mitigate project technical, 
cost, schedule, and performance risks and thereby increase confidence in the success of the NGNP 
Project. Significant test requirements have been identified in design work performed to date for the 
Gen-IV NGNP Project to ensure the performance and reliability of developmental and critical SSCs for 
this advanced high temperature gas-cooled graphite moderated nuclear reactor technology. The more 
critical components and systems include gas circulators, heat exchangers, high temperature steam 
generators, valves, hydrogen production processes, and instrumentation and controls. The ability to test 
these critical SSCs at full or near full scale has the benefits of: 

• Validating the design(s) 

• Confirming the availability of suppliers and materials, fabricability of the components and systems, 
and viability of interfaces and performance 

• Providing an effective means for developing and proving prestartup and operational inspection and 
test processes. 

The required capabilities for this testing have been described and some alternatives for providing 
these capabilities for the NGNP Project have been roughly formulated. Even though the areas of required 
large-scale testing identified to date are significant, because the NGNP Project has only initiated 
conceptual design, it is judged that additional large-scale testing needs will be identified as the design 
progresses. Accordingly, it is essential that the testing capability be flexible to adapt to evolving needs. 

Studies of the need for large-scale-component testing have identified that a large-scale component test 
capability has other benefits in supporting the development of advanced nuclear reactor technologies.21 
These include: 

• Verification and validation of methods/codes to support licensing and future commercial applications 
(thermal, hydraulic, transients, etc.) 

• Confirming materials performance at greater than laboratory scale such as metallic and ceramic 

• Developing and proving fluid inventory and quality control systems such as contamination cleanup 
and control 

• Assessing control room human factors 

• Assessing dynamic response of integrated components and systems 

• Operational procedure development and qualification training 

• Operational problem/trouble shooting 

• High temperature application interfaces and engineering-scale testing and qualifications such as 
hydrogen production, coal to liquids, steam generators for Alberta Oil Sands application, etc. 

• Maintenance and repair program and process development 

• Component replacement program and process development 

Although the specific test requirements discussed herein have been focused on the NGNP Project, the 
critical SSCs are characteristic of developmental requirements for the broad scope of the Gen-IV 
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advanced nuclear reactor technologies. Each of these technologies need to address the development of 
components and systems with capability to transfer high temperature energy from the reactor to the 
energy conversion process using their specific fluids and reactor configurations such as molten salt, 
molten lead, supercritical steam, and sodium. As identified in the NGNP Project, the specific 
developmental components will include prime movers (e.g., pumps), heat exchangers, valves, 
instrumentation, and controls. Accordingly, it is judged that the development of a large-scale-testing 
capability to support the NGNP project will benefit the full range of Gen-IV advanced nuclear reactor 
technology developments. 

The discussion on industry experience and principles of effective project management summarized 
the benefits of testing throughout the design development process and the importance of large-scale 
prototype testing in mitigating project risks to schedule and cost overruns and operational performance 
deficiencies. Examples of problems encountered in major DOE first-of-a-kind projects that did not take 
advantage of all testing benefits are pervasive and significant. This experience provides further support 
for ensuring that large-scale component test capability is available for the NGNP Project and continuing 
development of the full range of Gen-IV advanced nuclear reactor technologies. 

Although the large-scale component test capability is essential in the short term for expedient 
development and application of the advanced nuclear reactor technologies, it has an equally important 
long-term role in supporting the continuing development of the full potential of these technologies by 
supporting advances in their capabilities and application to wider ranges of applications. The NGNP 
Project is only the beginning of the development of advanced nuclear reactor technologies. Individually 
and in sum, the development and commercialization of advanced nuclear reactor technologies will 
introduce significant sustainable resources to the energy supply portfolio of the country. This energy 
supply has significant potential benefit to the country and the environment in that it does not release 
greenhouse gases, it uses domestically supplied fuel, and replaces the burning of fossil fuels thereby 
improving our energy security by reducing our dependence on offshore sources and husbanding our 
domestic sources of fossil fuels. The Gen-IV and hybrid nuclear programs discussed herein, including 
NGNP, have only just begun to develop and exploit the benefits of these technologies. A large-scale 
component test capability that can be accessed by domestic and international supporters and developers of 
advanced nuclear reactor technology provides an essential resource for ensuring expeditious and 
continuing development of these important technologies. 
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Appendix A 
 

Summary of Testing Requirements and Recommended 
Test Locations* 

(*) NOTE: In order to preserve the authenticity of the work performed by the system vendors, the following tables 
are reproduced verbatim from their reports. Any reference to a “component test facility” should be interpreted as a 
component test “capability,” which refers to one or more facilities not currently available. 
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Table A-1. Summary of AREVA Identified Test Requirements and Recommended Test Locations. 

VESSEL SYSTEM Test Location 
REACTOR VESSEL 

INTERNALS Test Location 
REACTOR CORE 

DESIGN FEATURES Test Location 
NEUTRON CONTROL 

EQUIPMENT Test Location 
REACTOR CAVITY 
COOLING SYSTEM Test Location 

TRL 5 to 6   TRL 4 to 5   TRL 6 to 7    TRL 4 to 5   TRL 5 to 6   
Test 1: Materials Testing of 
Mod 9Cr-1Mo and SA 508 
Grade 3 

CEA CORSAIRE, or CEA 
FLAMENCO, or CEA 
LCF; HTML at ORNL 

Test 1: Qualification of 
Nuclear Grade 
Graphite 

INL Test 1: Bypass Flow 
Testing 

None listed, may 
use national lab 

Test 1: Design, 
Development and 
Demonstration of 
Control Rod Elements 

INL, ORNL and 
PNNL, possible 
university labs; 
manufacturers 

Test 1: Emissivity 
Behavior of RPV and 
RCCS Materials 

HTML at ORNL 

Test 2: Evaluate tightness 
level achievable for 
metallic seals 

Fabrication shop Test 2: Development 
and Initial Testing of 
Composite Materials 

INL or other lab Test 2: Thermo-
mechanical Testing 

None listed, may 
use national lab 

Test 2: Design, 
Development and 
Demonstration of Guide 
Tubes 

INL, ORNL and 
PNNL, possible 
university labs; 
manufacturers 

Test 2: Effect of 
Particulates on 
Radiation Heat 
Transport 

HTML at ORNL 

TRL 6 to 7   TRL 5 to 6   Test 3: Structural 
Integrity Testing 

Commercial 
testing facility 
and/or national 
lab or university 
lab 

Test 3: Selection of 
CRDM Cable Material 

INL or ORNL; or 
labs 

TRL 6 to 7   

Test 1: Weld qualification JSW; AREVA at Chalon, 
France; ORNL or INL 

Test 1: Design of 
Composite/Ceramic 
Components 

None listed   TRL 5 to 6   Test 1: Reactor 
Cavity Heat Transfer 
Analysis 

Design 
organization or 
sub-contractor 

  TRL 6 to 7     Test 1: Design, 
Development and 
Demonstration of 
Control Rod Equipment 

manufacturers; 
France or CTF 

Test 2: RCCS Natural 
Circulation Analysis 

Design 
organization or 
sub-contractor 

  Test 1: Qualification of 
Composite Materials 

CEA in France, or 
in Russia 

  TRL 6 to 7   Test 3: RCCS 
Thermo-mechanical 
Analysis 

Design 
organization or 
sub-contractor 

  Test 2: Properties 
Data Collection to 
Support Conduction 
Cool down Analyses 

CTF   Test 1: Final 
Qualification of the 
Control Rod Equipment 

CTF Test 4: Integrated 
Test 

NSTF at ANL 
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Table A-1. (continued). 

PRIMARY GAS CIRCULATOR Test Location 

HIGH 
TEMPERATURE 

FLAPPER VALVE Test Location 
HELICAL TUBE 

IHX Test Location 
PRIMARY HOT 

GAS DUCT Test Location SECONDARY GAS CIRCULATOR Test Location 
TRL 4 to 5   TRL 6 to 7   TRL 6 to 7   TRL 5 to 6   TRL 4 to 5   
Test 1: Design feasibility study for 
the impellor will focus on Haynes 
Alloy 718 but may include 
alternative materials, such as 
alloys 800H and X. This 
engineering analysis activity will 
include a review of available 
material properties databases. 

Impeller design 
facilities 

Test 1: air valve test, 
followed by 
integrated circulator 
test 

Valve vendors 
facility; circulator 
vendors facility 

Test 1: 
Characterization 
and Codification 
of Alloy 617 

CEA 
CORSAIRE, or 
CEA 
FLAMENCO, or 
CEA LCF; HTML 
at ORNL 

Test 1: 
Component 
Manufacturing 
Development 

Industrial 
manufacturer 

Test 1: Design feasibility study for the 
impellor constructed from Haynes Alloy 
718. This engineering analysis activity 
will include a review of available material 
properties databases. It will also include 
an assessment of whether the design 
needs provisions to protect the 
containment pressure vessel against 
possible impeller failure. 

Industrial 
manufacturer 

Test 2: Characterization of 
Haynes Alloy 718 may be 
required, depending on the 
results of the first activity, to verify 
that it has suitable creep fatigue 
characteristics at expected 
operating temperatures and 
design loads. 

HTML at ORNL   Test 2: 
Component 
Manufacturability 
Development 

Industrial 
manufacturer or 
HX vendor 

Test 2: Analytical 
Performance 
Assessment 

Design 
organization or 
subcontractor 

Test 2: Characterization of Haynes Alloy 
718 may be required, depending on the 
results of the first activity, to verify that it 
has suitable creep fatigue characteristics 
at expected operating temperatures and 
design loads. 

Industrial 
manufacturer 

Test 3: Demonstration that 
Haynes Alloy 718 can be formed 
and welded into the desired 
impeller shape. This is standard 
manufacturer’s testing and is 
included here for completeness. 

Vendor's location   Test 3: Testing of 
Tube Friction 
Wear 

HX vendor or 
national lab or 
university lab 

TRL 6 to 7   Test 3: Demonstration that Haynes Alloy 
718 can be formed and welded into the 
desired impeller shape. 

Industrial 
manufacturer 

TRL 5 to 6     Test 4: 
Engineering Scale 
Demonstration 

CTF Test 1: 
Engineering Scale 
Demonstration 

CTF TRL 5 to 6   

Test 1: Arcing tests of the 
electrical conductors, 
connections, insulation and 
penetrations in helium. 

Specialized vendor 
or national lab 

      Test 1: Motor, rotor, bearing dynamics Specialized 
vendor 

Test 2: Arcing tests of the motor 
windings in He 

Specialized vendor 
or national lab 

      Test 2: Circulator assembly in air Circulator 
manufacturer or 
specialized 
vendor 

Test 3: Motor, rotor, bearing 
dynamics 

Specialized vendor, 
such at Zittau in 
Germany 

      TRL 6 to 7   

Test 4: Integrated testing of the 
circulator assembly in air 

Circulator 
manufacturers test 
facility 

      Test 1: Integrated Test of Gas Circulator 
with Flapper Valve 

CTF 

TRL 6 to 7           
Test 1: Integrated Test of Gas 
Circulator with Flapper Valve 

CTF         
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Table A-1. (continued). 
HIGH 

TEMPERATURE 
ISOLATION VALVE 

Test 
Location COMPACT IHX Test Location 

STEAM 
GENERATOR Test Location 

PRIMARY LOOP 
INSTRUMENTATION 

Test 
Location 

FUEL 
HANDLING 

SYSTEM Test Location 
IHX MATERIALS 
AND COATINGS Test Location 

TRL 6 to 7   TRL 4 to 5   TRL 5 to 6   TRL 6 to 7   TRL 6 to 7   TRL 3 to 4   
Test 1: Engineering 
scale mock-up test in 
875°C 5.5 MPa helium 
flowing at 10 kg/sec 
when the valve is 
open 

CTF Test 1: Develop and 
Qualify 
Manufacturing 
Process 

HX 
manufacturer 
or vendor 

Test 1: Qualification 
of bimetallic welds 

ORNL, INL, 
PNNL or at a 
university 

Test 1 : He under 
simulated plant conditions 

CTF Test 1: Seal 
selection test 

Material 
testing 
facilities 

Test 1: Material 
Testing in Helium 

National 
laboratory 

  Test 2: 
Experimental Scale 
Demonstration 

National lab TRL 6 to 7     Test 2: Bearing 
selection test 

Material 
testing 
facilities 

TRL 4 to 5   

  TRL 5 to 6   Test 1: 
Characterization 
and Codification of 
Alloy 800H 

ORNL, INL, 
PNNL or at a 
university 

  Test 3: Lubricant 
selection test 

Material 
testing 
facilities 

Test 1: 
Development of 
Corrosion 
Resistant Coatings 

Specialized 
coating 
manufacturer 

  Test 1: 
Characterization 
and Codification of 
Alloy 617 

Same as 
Helical Tube 
IHX 

Test 2: Component 
Manufacturability 
Development 

Forging vendor, 
or pipe fitting lab 
and at MHI fab  

  Test 4: 
Component 
functional and 
endurance tests 

Sub-
component 
vendor 

TRL 5 to 6   

  Test 2: Pilot Scale 
Demonstration 

CTF Test 3: Testing of 
Engineering Scale 
Prototype 

CTF     Test 1: Coating 
Application to 
Complex 
Geometries 

Specialized 
coating 
manufacturer 

  TRL 6 to 7           
  Test 1: Engineering 

Scale 
Demonstration 

CTF         
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Table A-2. Summary of PBMR Identified Testing Requirements and Recommended Test Locations. 
Circulator Test Location IHX A (Metallic) Test Location IHX A (Ceramic) Test Location IHX B Test Location HTS Piping Test Location 

TRL 6 - TRL 7   TRL 2 - TRL 3   TRL 2 - TRL 3   TRL 3 - TRL 4   TRL 4 - TRL5   
Trade studies to 
select reference 
design 

Supplier/Desig
n Authority 

Alloy 617 Material 
Specification and 
procurement 

INL, ORNL Trade study on 
Candidate Ceramic 
Material for IHX A 

Supplier/Design 
Authority 

Alloy 800H Material 
Specification and 
Procurement 

INL, ORNL PHTS high-temperature [760°C 
and 950°C] piping cooling, liner 
and insulation options trade 
study 

Piping System 
Designer 

EMBs, Catcher 
bearings Test 
Specification 

EMBs Supplier 
Test Facility 

Alloy 617 Joining 
Technology and 
Resultant Properties 

INL, ORNL, ANL, 
Compact heat 
exchange designers/ 
manufacturers 

Trade study on 
Candidate Ceramic 
Designs for IHX A 

Supplier/Design 
Authority 

Database for Brazed and 
Diffusion Bonded Alloy 
800H 

INL, ORNL, ANL, 
CHE 
designers/manufact
urers 

PHTS low-temperature [350°C] 
piping liner and insulation 
options trade study 

Piping System 
Designer 

Helium Rotating seals 
Test Specification 

Rotating Seal 
Supplier Test 
Facility 

Thermal/physical and 
mechanical properties 
of Alloy 617 

INL, ORNL, ANL, 
LANL, SNL, BNL, 
CSIR 

TRL 3 - TRL 4   Alloy 800H High 
Temperature Material 
Properties 

INL, ORNL, CSIR SHTS high-temperature[840°C 
and 900°C] piping liner and 
insulation study 

Piping System 
Designer 

Partial or Full scale 
circulator Model Test 
Specification 

CTF/Supplier 
Site 

Effects of thermal 
Aging and environment 
on Alloy 617 

INL, ORNL Ceramic HX Detailed 
Design Data Needs 
(DDNs) 

Design Authority Effects of Thermal Aging 
and Environment on Alloy 
800H Properties 

INL, ORNL SHTS medium-temperature 
[659°C and 700°C] piping liner 
and insulation trade study 

Piping System 
Designer 

TRL 7 - TRL 8   Effects of Grain size 
and selection 
thickness on Alloy 617 
properties 

INL, ORNL, ANL, 
LANL, SNL, BNL, 
CSIR 

Ceramic Materials 
Specifications and 
Procurement 

INL, ORNL Effects of Environmental 
Exposure on Alloy 800H 
Braze and Diffusion 
Bonded Joints 

INL, ORNL SHTS low-temperature 
[<300°C] piping liner and 
insulation trade study 

Piping System 
Designer 

Prototype circulator 
Test Specification 

NGNP Site Corrosion Allowances 
for Alloy 617 

INL, ORNL, FZJ, 
Saclay 

Thermal Physical 
Properties of 
Ceramics 

INL, ORNL, ANL, 
LANL, SNL, BNL, 
CSIR 

Effects of Grain Size and 
Section Thickness on 
Alloy 800H Properties 

INL, ORNL, ANL, 
LANL, SNL, BNL, 
CSIR 

TRL 5 - TRL 6   

  TRL 3 - TRL 4   Mechanical 
Properties of 
Ceramics 

INL, ORNL, ANL, 
LANL, SNL, BNL, 
CSIR 

Corrosion Allowances for 
Alloy 800H 

INL, ORNL, FZJ, 
Saclay 

Effects of He infiltration on 
thermal conductivity of 
insulation material 

Insulation 
Manufacturers, 
INL, ORNL, ANL 

  ASME selection III 
Code Case for Alloy 
617 

INL, ORNL, CHE 
designers/ 
manufacturers 

Compatibility of 
Ceramic Materials to 
NGNP He 
Environment 

INL, ORNL Thermal/Fluid Modeling 
Methods for IHX B 

CHE 
designer/supplier, 
INL, ORNL, ANL 

The effect of fluid impurities on 
insulation properties 

Insulation 
Manufacturers, 
INL, ORNL, ANL 

  Thermal/Fluid 
Modeling Methods for 
Metallic IHX A 

CHE supplier/design 
authority, INL, ORNL, 
ANL, LANL 

Manufacturing 
Technologies for 
Ceramic Heat 
Exchangers 

CHE designer/ 
manufacturer 

Methods for Stress/Strain 
Modeling of IHX B 

CHE 
designer/supplier, 
INL, ORNL, ANL 

Re-evaluation of needed 
maturation tasks based on 
Trade studies 

Piping System 
Designer 

  Methods for 
stress/strain modeling 
of metallic IHX A 

CHE supplier/design 
authority, INL, ORNL, 
ANL, LANL 

TRL 4 - TRL 5   Criteria for Structural 
Integrity of IHX B 

CHE 
designer/supplier, 
INL, ORNL, ANL 

TRL 6 - TRL 7   

  Criteria for structural 
integrity of IHX A 

CHE supplier/design 
authority, INL, ORNL, 
ANL, LANL 

Ceramic Materials 
Codes and 
Standards 

CHE 
supplier/design 
authority, INL, 
ORNL, ANL, LANL 

Performance Modeling 
Methods for IHX B 

CHE 
designer/supplier, 
INL, ORNL, ANL 

Performance and environmental 
testing of prototypical high-
temperature and low-
temperature piping/insulation 
system 

CTF 
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Table A-2. (continued). 
Circulator Test Location IHX A (Metallic) Test Location IHX A (Ceramic) Test Location IHX B Test Location HTS Piping Test Location 

  Performance Modeling 
Methods for IHX A 

CHE supplier/design 
authority, INL, ORNL, 
ANL, LANL 

Methods for 
Thermal/Fluid and 
Stress/Strain Modeling 

CHE supplier/ design 
authority, INL, ORNL, 
ANL, LANL 

TRL 4 - TRL 5   TRL 7 - TRL 8   

  TRL 4 - TRL 5   Structural Integrity 
Criteria for Ceramic 
Heat Exchangers 

CHE supplier/design 
authority, INL, ORNL, 
ANL, LANL 

Specification of testing of 
Unit Cell of Compact Heat 
Exchangers 

CHE designer/ 
manufacturer (Heatric, 
Brayton Energy) 

Testing of full size PHTS 
piping in NGNP 

NGNP 

  Specification of testing 
of unit cell of compact 
Heat Exchangers 

CHE 
designer/manufactur
er (Heatric, Brayton 
Energy 

Performance Modeling 
of Ceramic Heat 
Exchangers 

CHE supplier/ design 
authority, INL, ORNL, 
ANL, LANL 

TRL 5 - TRL 6     

  TRL 5 - TRL 6   Testing of unit cell of 
compact heat 
exchanger 

CHE designer/ 
manufacturer 
(Heatric, Brayton 
Energy) 

Specification of testing of 
compact heat exchanger 
module (~1.2MW) 

CTF   

  Testing of integrated 
compact heat 
exchanger module 
(~1.2MW) 

CTF TRL 5 - TRL 6   ASME Section III Code 
Case for Compact Heat 
Exchanger Designs 

CHE supplier/design 
authority, INL, ORNL, 
ANL, LANL 

  

  ASME III Code Case 
for Compact Heat 
Exchanger Designs 

CHE supplier/design 
authority, INL, ORNL, 
ANL, LANL 

Specifications of 
testing of compact 
heat exchanger 
module (~1.2MW) 

CTF TRL 6 - TRL 7     

  TRL 6 - TRL 7   ASME III Code Case 
for Ceramic Compact 
Heat Exchanger 
Designs 

CHE supplier/ design 
authority, INL, ORNL, 
ANL, LANL 

Shell-side Flow 
Distribution and Bypass 
Leakage Testing 

CTF   

  Shell-side flow 
distribution and bypass 
leakage testing 

CTF TRL 6 - TRL7   Multi-module Heat 
Transfer Testing 

CTF   

  Multi-module heat 
transfer testing 

CTF Shell-side flow 
distribution and bypass 
leakage tests 

CTF TRL 7 - TRL 8     

  TRL 7 - TRL 8   Multi-module heat 
transfer testing 

CTF Specification of testing of 
a full scale compact heat 
exchanger 

NGNP   

  Testing of full size 
compact heat 
exchanger (Full scale 
NGNP IHX A) 

NGNP TRL 7 - TRL 8       

    Testing of full size 
compact heat 
exchanger (Full scale 
NGNP IHX A) 

NGNP     
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Table A-2. (continued). 

Mixing Chamber Test Location Steam Generator Test Location Fuel Test Location CSC Test Location 

Hydrogen Production 
System Sulfuric Acid 

Decomposition Test Location 
TRL 6 - TRL 7   TRL 6 - TRL 7   TRL 6 - TRL 7   TRL 6 - TRL 7   TRL 2 - TRL 3   
Trade studies to select 
reference design 
Specification 

Supplier/Design 
Authority 

Perform a down selection 
trade study to determine 
the preferred conceptual 
arrangement of the SG 

n/a Production Fuel 
Irradiation Tests for 
Normal Operational 
Conditions 

INM Facility  PBMR Relevant    S-I ILS Experiment n/a 

Specification 1: Enhanced 
Mixing Devices Test 
Specification 

supplier site Define requirements and 
design details for the SG 
in the PCS system 
context  

n/a Production Fuel Heat-
up Tests  

INM Facility  Extended Properties of 
Irradiated Graphite at Low 
Temperatures 

National 
Laboratory/University 

  

Specification 2: Vibration 
Damping Devices Test 
Specification 

supplier site Perform configuration 
development tests to 
substantiate the design 

n/a Fuel Matrix Graphite 
Irradiation tests and 
PIE  

IVV-2M 
Russian 
Reactor  

Extended Properties of 
Irradiated Graphite at 
High Temperatures 

National 
Laboratory/University 

  

Partial or Full Scale Flow 
Mixing Chamber Model Test 
Specification 

CTF/Supplier site Design and supply a 
scale prototype for the 
testing in the CTF 

n/a Machined Graphite 
Irradiation tests and 
PIE 

IVV-2M 
Russian 
Reactor  

Characterize Race Track 
Strap and Tie Rod 
Material  

National 
Laboratory/University 

  

TRL 7 - TRL 8   Performance testing in 
CTF 

CTF TRL 7 - TRL 8   Insulation Material 
(Unirradiated Data 
Needed)  

National 
Laboratory/University 

  

Prototype Flow Mixing 
Chamber Test Specification 

NGNP Site TRL 7 - TRL 8   Additional Production 
Fuel Irradiation Tests 
for Normal Operational 
Conditions 

Suitable Test 
Reactor - ATR  

    

  Complete final design of 
the prototype SG for the 
NGNP 

n/a Production Fuel Heat-
up Tests WEC-TS-
FUEL-006  

Suitable Test 
Reactor - ATR  

    

  Fabricate and deliver to 
NGNP to the Site 

n/a Fuel Matrix Graphite 
Irradiation tests and 
PIE  

Suitable Test 
Reactor - ATR  

    

  Install and Operate NGNP       
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Table A-2. (continued). 
Hydrogen Production 
System Sulfur Dioxide 

Electrolysis Test Location RSS Test Location RCS 
Test 

Location CCS Test Location RCCS Test Location 
TRL 2 - TRL 4   TRL 6 to 8   TRL 6 to 8   TRL6 to 7   TRL 6 to 8   
Single Cell testing at 100C, 
10atm 

n/a Store SAS -- Containers 
seismic analysis 

n/a Confine Process Gas and 
Contaminants -- Pressure Test  

n/a Specification 1: Valves 
development test 
specification 

PBMR HTF Specification 1: Verify the 
functioning of the RCCS with 
respect to maintaining 
Reactor Cavity concrete 
below code limits. 

PBMR DPP 

Design and construct 200 lph 
ILS electrolyzer 

n/a Insert SAS -- Valve weld 
test 

n/a Confine Process Gas and 
Contaminants -- RCS 
Hermetically Sealed  

n/a Specification 2: Blower 
development test 
specification 

PBMR HTF Specification 2: Confirm 
operation of RCCS tank 
automatic water 
replenishment function. 

PBMR DPP 

TRL 4 - TRL 7  Test SAS insertion -- 
Open and close valve 
actuator 

n/a Volume Separation -- Volume 
Separation verification 

n/a TRL 7 to 8   Specification 3: Validate 
analysis of DWS supply and 
heat sink performance. 

PBMR DPP 

Further development and 
optimize SDE performance 

n/a Remove SAS -- 
Discharge pipe 
structural integrity 

n/a Insert Control and Shutdown 
rods in case of power loss -- 
Verification of control and 
shutdown rods insertion upon 
power loss 

n/a Specification 1: CCS 
development test 
specification 

PBMR DPP Specification 4: Validate 
theoretical analysis of pump 
trip effect on RCCS pressure. 

PBMR DPP 

Scale-up to 400 cm2 cell 
active area  

n/a Keep SAS inserted -- 
Seismic analysis 

n/a Insert Control and Shutdown 
rods in case of power loss -- 
Protection of core structure on 
rod drop 

n/a     

Scale-up to 1,000 cm2 cell 
active area 

n/a Absorb neutrons -- 
Neutron analysis 

n/a Control rod withdrawal speed -- 
Mechanical limit  

n/a     

Design and construct HyS ILS 
Experiment 

n/a Maintain RPV pressure 
boundary -- Leak 
sensitivity analysis 

n/a Control rod withdrawal speed -- 
Software limit 

n/a     

Operate HyS ILS Experiment n/a Support storage 
container -- Supplier 
QCP (ASME III NG) 

n/a Control Rod Status -- Control 
rod status 

n/a     

Design and construct HyS 
300 kW Pilot Plant 

n/a   Control Rod Status -- Control 
rod fully inserted 

n/a     

Operate HyS 300 kW Pilot 
Plant 

n/a   Control Rod Status -- Factory 
Acceptance Testing of RCS 
component assembly 

n/a     

Design and construct HyS 
Eng. Scale Demo 

n/a   Control Rod Status -- Prototype 
production dry run 

n/a     

Operate HyS Eng Scale 
Demo 

n/a   Control Rod Status -- Control 
rod SCRAM simulation 

n/a     
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Table A-3. Summary of GA Identified Testing Requirements and Recommended Test Locations.
Reactor 
Control 

Equipment Test Location Control Rods Test Location 
HT Ducts and 

Insulation Test Location Reactor Core Assembly Test Location 
Reactor Graphite 

Elements Test Location 
TRL 4 to 5   TRL 2 to 3   TRL 2 to 3   TRL 5 to 6   TRL 6 to 7   
Component 
Test Monitoring 

General 
Atomics (GA) 

3.1 Develop 
Control Rod 
Design 
Requirements 

none listed 2.1 Safety Class 
Determination 

none listed 3.1. Core Element 
Dynamic Strength Data 
(DDN C.11.03.03) 

CTF, GA, national lab, or 
commercial material testing 
facility: Westmorland 
Mechanical Testing and 
Research Inc., 221 
Westmoreland Drive, 
Youngstown, PA 15696-0388, 
724-537-3131, 724-537-3151, 
admin@wmtr.com 

3.1. Graphite 
Multiaxial Strength 
Data (DDN 
C.11.03.11) 

ORNL 

Component 
Test Articles 

Vendor(s) 
facility 

3.2 Control Rod 
Design and 
Analysis 

none listed 2.2 Relevant 
Standards and Codes 
Applicability 

none listed 3.2. Core Element Failure 
Mode Test (DDN 
C.11.03.04) 

CTF, GA, national lab, or 
commercial material testing 
facility: Westmorland 
Mechanical Testing and 
Research Inc., 221 
Westmoreland Drive, 
Youngstown, PA 15696-0388, 
724-537-3131, 724-537-3151, 
admin@wmtr.com 

3.2. Graphite 
Fatigue Data (DDN 
C.11.03.12) 

ORNL 

Component 
Test 
Performance 

Vendor(s) 
facility 

3.3 Develop 
Composite 
Architectures and 
Obtain Samples 
for Testing 

Rolls-Royce 2.3 Establish 
Conditions of Service 

none listed 3.3. Fuel Element 
Channel Flow Data (DDN 
C.11.03.41) 

CTF, GA, or national lab 3.3. Graphite Coke 
Source Qualification 
Data (DDN 
C.11.03.21) 

graphite 
manufacturer 
facilities 

CRITICAL 
COMPONENT 
TESTING 

radioactive 
materials 
testing facilities 

3.4 Materials 
Properties Testing 

Touchstone Research 
Laboratory, The Millennium 
Centre Triadelphia, WV 
26059, 304-547-5800; 
Pacific Testing Laboratories 
(PL), 24950 Avenue 
Tibbitts, Valencia, CA 
91355, 661-257-1437; or 
INL and/or ORNL 

2.4 Insulation and Duct 
Material Selection 

none listed 3.4. Control Rod Flow 
Channel Data (DDN 
C.11.03.42) 

CTF, GA, or national lab 3.4. Graphite 
Mechanical 
Properties Data 
(DDN C.11.03.13) 

ORNL 

TRL 5 to 6   3.5 Environmental 
Effects Testing 

ATR at INL and/or HFIR at 
ORNL 

TRL 3 to 4   TRL 6 to 7   3.5. Graphite 
Irradiation-Induced 
Dimensional 
Change Data (DDN 
C.11.03.14) 

ORNL 

Subsystem Test 
Monitoring 

GA 3.6 Preliminary 
Selection of 
Composite 
Materials and 
Architectures 

none necessary 3.1 Upfront CFD Flow 
and Temperature 
Analysis 

none listed 4.1. Core Column 
Vibration Data (DDN 
C.11.03.01) 

CTF, GA, national lab, or 
commercial material testing 
facility: Envibe Condition 
Monitoring, 4140 Directors Row, 
Suite H, Houston, TX 77092, 
888-473-5222, 713-682-8771 

3.6. Graphite 
Irradiation-Induced 
Creep Data (DDN 
C.11.03.15) 

ORNL 
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Reactor 
Control 

Equipment Test Location Control Rods Test Location 
HT Ducts and 

Insulation Test Location Reactor Core Assembly Test Location 
Reactor Graphite 

Elements Test Location 
Component 
Test Articles 

Vendor(s) TRL 3 to 4   3.2 Upfront FEA Stress 
Analysis 

URS-Washington Division 
Denver Office, 7800 E 
Union Ave, Denver, CO 
80237, Attn: Dave 
Carroccia, 303-843-2038, 
dave.carroccia@wgint.co
m 

4.2. Core Cross flow Test 
Data (DDN C.11.03.45) 

CTF, GA, or national lab 3.7. Graphite 
Thermal Properties 
Data (DDN 
C.11.03.16) 

ORNL 

Subsystem Test 
Articles 

Fabricators 4.1 Finalize 
Composite 
Architectures and 
Obtain Samples 
for Testing 

Rolls-Royce 3.3 Hot to Cold Leg 
Leak Detection Method 

URS-Washington Division 
Denver Office, 7800 E 
Union Ave, Denver, CO 
80237, Attn: Dave 
Carroccia, 303-843-2038, 
dave.carroccia@wgint.co
m 

4.3. Core Fluctuation Test 
Data (DDN C.11.03.46) 

CTF, GA, or national lab 3.8. Graphite 
Fracture Mechanics 
Data (DDN 
C.11.03.17) 

ORNL 

Subsystem Test 
Performance 

Facility 4.2 Develop 
Baseline Material 
Properties for 
Engineering Data 
Base 

Touchstone Research 
Laboratory, The Millennium 
Centre Triadelphia, WV 
26059, 304-547-5800; 
Pacific Testing Laboratories 
(PL), 24950 Avenue 
Tibbitts, Valencia, CA 
91355, 661-257-1437; or 
INL and/or ORNL 

3.4 Hot to Cold Leak 
Detection Method 

none listed 4.4. Bottom 
Reflector/Core Support 
Pressure Drop and Flow 
Mixing Data (DDN 
C.11.03.43) 

CTF, GA, or commercial test 
facilities 

3.9. Graphite 
Corrosion Data 
(DDN C.11.03.23) 

ORNL 

TRL 6 to 7   4.3 Environmental 
Effects Testing for 
Engineering Data 
Base 

INL and/or INL 3.5 Insulation 
Connection Method 

none listed 4.5. Metallic Plenum 
Element and Top 
Reflector Pressure drop 
and Flow Distribution 
(DDN C.11.03.44) 

CTF, GA, or commercial test 
facilities 

3.10. Graphite 
Corrosion Data for 
Methods Validation 
(DDN C.11.03.19) 

ORNL 

Test Monitoring GA 4.4 Complete 
Control Rod 
Composite 
Materials 
Behavior and 
Failure Models 

none necessary TRL 4 to 5   TRL 7 to 8   3.11. Graphite 
Oxidation Data for 
Postulated 
Accidents (DDN 
C.11.03.18) 

ORNL 

Test 
Preparation and 
Performance 

Facility TRL 4 to 5   4.1 Required Test 
Facility Capabilities 

none listed Instrumented test to 
confirm flow distributions, 
temperature distributions, 
and mechanical loadings 

NGNP 3.12. Graphite 
Destructive and 
Non-Destructive 
Examination Data 
(DDN C.11.03.20) 

ORNL and 
Graphite 
manufacturer 
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Reactor 
Control 

Equipment Test Location Control Rods Test Location 
HT Ducts and 

Insulation Test Location Reactor Core Assembly Test Location 
Reactor Graphite 

Elements Test Location 
Test Articles Fabricators 5.1 Demonstration 

control rods in 
experimental 
scale 

GA or subcontractors 4.2 Hot Duct and 
Insulation Material 
Property (Coupon) 
Tests 

IMT Intermountain 
Testing, 2965 S. 
Shoshone, Englewood 
CO 80110, 1-800-742-
5621, 
joe@intermountaintesting.
com 

  TRL 7 to 8   

Test 
Performance 

Seismic TRL 5 to 6   4.3 Component Level 
Test 

Hazen Research, Inc. 
4601 Indiana Street 
Golden, Colorado 80403, 
http://www.hazenusa.com
, Phone: (303) 279-4501 
Fax: (303) 278-1528 

  Instrumented tests 
for physical, 
mechanical, and 
thermal properties 

NGNP 

TRL 7 to 8   6.1 Integrated 
subsystem and 
demonstrated at 
pilot scale 

GA or subcontractors 4.4 Acoustic and Flow 
Induced Vibration Test 

ANL or commercial facility     

Test 
Engineering, 
Planning, 
Preparation, 
and Monitoring 

GA TRL 6 to 7   4.5 Life Cycle Cost 
Analysis 

none listed     

Test support Fabricators 7.1 Vibration 
Testing 

CTF; Wyle Laboratories, 
128 Maryland St., El 
Sequndo, CA 90245, 310-
563-6662, 
john.shimada@wylelabs.co
m; Hazen Research Inc., 
4601 Indiana Street, 
Golden, CO 80403, 303-
279-4501, 
www.hazenusa.com 

4.6 RAMI Analysis none listed     

  7.2 Control Rod 
Shock Absorber 
Test 

Wyle Laboratories, 128 
Maryland St., El Sequndo, 
CA 90245, 310-563-6662, 
john.shimada@wylelabs.co
m; Hazen Research Inc., 
4601 Indiana Street, 
Golden, CO 80403, 303-
279-4501, 
www.hazenusa.com 

4.7 Acoustic and Flow 
Induced Vibration 
Analysis 

none listed     
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Reactor 
Control 

Equipment Test Location Control Rods Test Location 
HT Ducts and 

Insulation Test Location Reactor Core Assembly Test Location 
Reactor Graphite 

Elements Test Location 
  7.3 Control Rod 

Structural Integrity 
Test 

CTF; Wyle Laboratories, 
128 Maryland St., El 
Sequndo, CA 90245, 310-
563-6662, 
john.shimada@wylelabs.co
m; Hazen Research Inc., 
4601 Indiana Street, 
Golden, CO 80403, 303-
279-4501, 
www.hazenusa.com 

4.8 Endurance Limit 
Analysis 

Becht Nuclear Services, 
http://www.bechtns.com, 
2415 Campus Drive, Suite 
275 Irvine, CA 92612 949-
660-1480 

    

  TRL 7 to 8   4.9 Creep Analysis Becht Nuclear Services, 
http://www.bechtns.com, 
2415 Campus Drive, Suite 
275 Irvine, CA 92612 949-
660-1480 

    

  Verify operability 
of control rods 

NGNP 4.10 ALARA Analysis URS-Washington 
Division, Paul Reichert, 
510 Carnegie Center 
Princeton, NJ 08540, 
United States (609) 720-
3210, www.wgint.com 

    

    4.11 LIMIT Analysis Becht Nuclear Services, 
http://www.bechtns.com, 
2415 Campus Drive, Suite 
275 Irvine, CA 92612 949-
660-1480 

    

    TRL 5 to 6       
    5.1 FEA Simulation 

Optimization 
none listed     

    5.2 CFD Simulation 
Optimization 

none listed     

    5.3 Sub-System Level 
Test 

Hazen Research, Inc. 
4601 Indiana Street 
Golden, Colorado 80403, 
http://www.hazenusa.com
, Phone: (303) 279-4501 
Fax: (303) 278-1528 

    

    5.4 Thermal Expansion 
Analysis 

none listed     
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Reactor 
Control 

Equipment Test Location Control Rods Test Location 
HT Ducts and 

Insulation Test Location Reactor Core Assembly Test Location 
Reactor Graphite 

Elements Test Location 
    TRL 6 to 7       
    6.1 Testing of 

Integrated System 
Hazen Research, Inc. 
4601 Indiana Street 
Golden, Colorado 80403, 
http://www.hazenusa.com
, Phone: (303) 279-4501 
Fax: (303) 278-1528 

    

    6.2 Risk Assessment 
for CTF Testing 

CTF     

    TRL 7 to 8       
    7.1 CTF Testing (if 

required) 
CTF     
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Table A-4. TRL definitions. 
Rating 
Level Definition Abbreviated Definition 

1 Basic principles observed and reported in white papers, industry literature, 
lab reports, etc. Scientific research without well defined application. 

Basic principles observed 

2 Technology concept and application formulated. Issues related to 
performance identified. Issues related to technology concept have been 
identified. Paper studies indicate potentially viable system operation. 

Application formulated 

3 Proof of concept: Analytical and experimental critical functions and/or 
characteristic proven in laboratory. Technology or component tested at 
laboratory scale to identify/screen potential viability in anticipated service. 

Proof of concept 

4 Technology or component is tested at bench scale to demonstrate 
technical feasibility and functionality. For analytical modeling, use generally 
recognized benchmarked computational methods and traceable material 
properties. 

Bench scale testing 

5 Component demonstrated at experimental scale in relevant environment. 
Components have been defined, acceptable technologies identified and 
technology issues quantified for the relevant environment. Demonstration 
methods include analyses, verification, tests, and inspection. 

Component verified at 
experimental scale (1/1,000) 

6 Components have been integrated into a subsystem and demonstrated at a 
pilot scale in a relevant environment 

Subsystem verified at pilot 
scale (1/100) 

7 Subsystem integrated into a system for integrated engineering scale 
demonstration in a relevant environment. 

System demonstration at 
engineering scale (1/20) 

8 Integrated prototype of the system is demonstrated in its operational 
environment with the appropriate number and duration of tests and at the 
required levels of test rigor and quality assurance. Analyses, if used, 
support extension of demonstration to all design conditions. Analysis 
methods verified and validated. Technology issues resolved pending 
qualification (for nuclear application, if required). Demonstrated readiness 
for hot startup. 

Integrated prototype tested 
and qualified (1/4 scale) 

9 The project is in final configuration tested and demonstrated in operational 
environment. 

Plant operational 

10 Commercial-scale demonstration is achieved. Technological risks 
minimized by multiple units built and running through several years of 
service cycles. 

Commercial scale – multiple 
units 
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Table A-5. Summary of Large-scale SSC Test Plans. 
 AREVA PBMR General Atomics CTF 

Test 
Count 

 TRL TRL TRL 
Area 5 to 6 6 to 7 5 to 6 6 to 7 7 to 8 4 to 5 5 to 6 6 to 7 7 to 8 

Nuclear Heat Supply (System, Structure/Subsystem, Component)  
Reactor Vessel Internals Test 1: 5 Test 1: 2, Test 2: 1               1 
Neutron (Reactor) Control 
Equipment 

Test 1: 1 Test 1: 1       4 4 4 4 2 

Fuel Elements       Spec 1.2.1: 2,  
Spec 1.2.2: 2,  
Spec 1.2.3: 2,  
Spec 1.2.4: 2 

Spec 2.2.1: 1,  
Spec 2.2.2: 1,  
Spec 2.2.3: 1 

        3 

Reactor Cavity Cooling System Test 1: 2, Test 2: 2 Test 1: 4, Test 2: 4, 
Test 3: 4, Test 4: 2 

  Spec 1: 2, Spec 2: 2, 
Spec 3: 2, Spec 4: 2 

Spec 1: 2, Spec 2: 2, 
Spec 3: 2, Spec 4: 2 

Test 3.1: 3,  
Test 3.2: 2,  

missing data Test 4.1: 2 Test 5.1: 1 1 

Heat Transfer System (System, Structure/Subsystem, Component)  
Primary He Circulator Test 1: 3, Test 2: 3, 

Test 3: 3, Test 4: 3 
Test 1: 1   Test C1.2.1: 3,  

Test C1.2.2: 3,  
Test C1.2.3: 1 

Test C2.2.2: 1         3 

Secondary He Circulator Test 1: 3, Test 2: 3 Test 1: 1               1 
IHX A (metallic & ceramic)   Test 1: 2, Test 2: 3, 

Test 3: 3, Test 4: 1 
Spec 1: 1,  
Spec 2: 3 

Spec 1: 1,  
Spec 2: 3 

Spec 1: 1         4 

IHX B (Metallic) Test 1: same as 
IHX A, Test 2: 1 

Test 1: 1 Spec 1: 1,  
Spec 2: 3 

Spec 1: 1,  
Spec 2: 3 

Spec 1: 1         6 

IHX           Test 5: 3 Test 6: 5 Test 6: 1 Test 7: 1 2 
Primary Hot Duct - Cross Vessel 
- Piping 

Test 1: 3, Test 2: 3 Test 1: 1 Spec 1: 4 Spec 1: 4 Spec 1: 1 3 3 3 1 3 

Mixing Chamber       Spec 1: 3, Spec 2: 3, 
Scale Model: 1 

Prototype: 1         2 

High T Isolation Valve   Test 1: 1       4 1 1 1 4 
High T Relief Valve           4 1 1 1 3 
Hydrogen Production System (System, Structure/Subsystem, Component)  
Hydrogen Production System     C1.1.2: 5, C2.1.2:5, 

C3.1.3: 5, C3.2.3: 
5, C4.1.2: 5 

C1.1.3: 5, C2.1.2: 5, 
C3.1.3: 5, C3.2.3: 5, 
C4.1.2: 5 

C1.1.4: 5, C2.1.3: 5, 
C3.1.4: 5, C3.2.4: 5, 
C4.1.2: 5 

  Test: 3 Test: 1 Test: 1 2 

Power Conversion System (System, Structure/Subsystem, Component)  
Steam Generator   Test 1: 2, Test 2: 3, 

Test 3: 1 
  1 1 Test 3.1: 2 or 3,  

Test 3.2: 2 
Test 4.1: 2, Test 
4.2: 2, Test 4.3: 3, 
Test 4.4: 3 

Test 5.1: 3, 
Test 5.2: 1 

Test 6.1: 1 5 

Power Conversion Rankin Cycle 
- Turbo machinery 

          Test 3.1: 3, Test 
3.2: 3, Test 3.3: 2 or 
3, Test 3.4: 3 

Test 4.1: 3, Test 
4.2: 3, Test 4.3: 3, 
Test 4.4: 3  

Test 5.1: 3 Test 6.1: 1 1 

Balance of Plant (System, Structure/Subsystem, Component)  
Fuel Handling System   Test 1: 2, Test 2: 2, 

Test 3: 3, Test 4: 4 
      Test 3.1: 3, Test 

3.2: 3, Test 3.3: 2 or 
3, Test 3.4: 1,  
Test 3.5: 3 

Test 4.1: 3, Test 
4.2: 3, Test 4.3: 3, 
Test 4.4: 3 

Test 5.1: 3 Test 6.1: 3 1 

Primary Loop and BOP 
protection instrumentation 

  Test 1: 1               1 

# of Tests Requiring CTF 13 16 16 45 
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Appendix B 
 

Hybrid Energy Systems Testing Laboratory (HYTEST) 
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Appendix B 
Hybrid Energy Systems Testing Laboratory (HYTEST) 

The integration of novel technologies into operating, safe, robust, and trusted and accepted systems 
from a regulatory perspective; the retooling and realignment of existing systems to be more efficient 
energy producers, and getting the “the right energy, in the right place, at the right time” requires a systems 
design, analysis, and optimization approach coupled with point technology innovation. Integrating 
components into systems, and systems into systems of systems, will make it possible to simultaneously 
address energy security market drivers (economics, environment, resource security). 

The overall focus of hybrid systems is the effective, efficient use of energy in the production of 
marketable products. Subsystem (component) technical challenges associated with this objective include 
5 broad categories, or platforms: 

• Feedstock Processing, including resource extraction, and supply 

• Heat Transfer/Energy Integration 

• Byproduct Management 

• Product Synthesis 

• System Monitoring, Diagnostics, and Controls. 

The Idaho National Laboratory proposes to develop a laboratory (or set of laboratories) dedicated to 
development, testing, and demonstration of component, subsystem, and systems comprised of 
combinations of these 5 elements. This laboratory will be called the Hybrid Systems Testing Laboratory, 
or HYTEST. 

The purpose (products) of this laboratory will be to acquire performance data, identify scalability 
issues, quantify technology gaps and needs for various “hybrid” or other energy systems, and provide 
infrastructure to develop solutions in each of the 5 platforms. It is key to note that the HYTEST lab can 
drive sales involving hybrid system designs, as well as marketable products supporting elements such as 
diagnostics and control, heat transfer systems, catalysts, etc. Therefore, HYTEST is a capability to 
(1) Develop a new market for advanced integrated (hybrid) energy systems and (2) Develop products for 
existing component and system markets. 

INL HYTEST program will effectively carry new technology applications and systems integration 
concepts through DOE Technology Readiness Levels (TRL) by establishing testing and demonstration 
laboratories at three locations. In FY-09, INL will setup and integrate lab and bench scale components for 
each of the four functional test areas at the Bonneville County Testing Center (BCTC) and the Idaho 
Engineering Develop Facility (IEDF). These two facilities will provide laboratory space to meet TRL 
levels 1-3 for each of the functional area. A 15 kWe Integrated Lab Scale (ILS) high temperature steam 
electrolysis (HTSE) bench-scale test unit was setup and demonstrated in FY-08. Small scale heat 
exchanger and materials testing and qualification can be conducted in this lab using electrical heaters and 
steam generation units already in place with the ILS. Approximately 800 ft2 of laboratory space is 
available at BCTC for laboratory-scale component development and integration testing. 

IEDF is a substantially larger HYTEST laboratory. With over 2,000 ft2 of floor space, a high-bay 
ceiling of 30 ft, a 20-ton overhead rail crane, and ample electrical, natural gas, compressed air, industrial 
ventilation and off-gas collectors and blowers, this facility will serve as an area to conduct TRL testing 
through Level 4. This area is sufficient for bench-scale testing of NGNP heat exchangers, heat transfer 
loops, integrated hydrogen generation, and associated hybrid energy equipment development, testing, and 
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verification. A dedicated control system will permit the development of advance control systems 
necessary for monitoring and control of larger scale systems. Multi-stage flammable compressors, gas and 
liquid product storage tanks, and gas dilution/gas flare are being installed at the IEDF to enable a wide 
variety of hybrid energy test operations to be conducted. The support equipment will enable NGNP 
component testing to be completed using poisonous gas mixtures (He-CO) and pressurized inert gas 
(CO2, He, N2) that require adequate laboratory ventilation to mitigate asphyxiation risks. 

A larger, reconfigurable, bench-scale (or small pilot scale) process demonstration unit (PDU) 
HYTEST facility will be established for cost effective component and component integration testing prior 
to construction and operation of larger pilot plant components using the NGNP Component Test 
Capability (CTC). This HYTEST PDU facility will be scaled to match the 200 KWe hydrogen HTSE unit 
planned for development and testing under the National Hydrogen Initiative. HYTEST PDU is intended 
to test a variety of components and integrated components to attain TRL Levels 3 and 4. Some 
components developed at IEDF will be moved to the PDU where they can be integrated with other new 
test components forming a specific bench-scale integrated process test prototype. HYTEST PDU will, 
however, not be relegated to any single configuration, but will be flexible to investigate several 
components and integrated systems as program priorities and industrial user’s interests apply. Also of 
significant importance, HYTEST PDU will provide a platform for development of new instruments, 
monitors, and control systems for hybrid energy systems component and component integrations at the 
CTC. 

The CTC will provide process heat and power to operate the 2 MWe HTSE unit in the NHI project 
plan. This unit will produce sufficient hydrogen to supplement hybrid testing of a 70 ton per day coal or 
biomass gasifier integrated with a 200 barrel per day synthetic liquid fuels reactor. These reactor sizes are 
commensurate with pilot plant operations elsewhere, and are considered are adequate to provide data for 
engineering-scale demonstrations. The CTC will thus extend the development of hybrid energy 
components and systems to TRL Levels 7. 

In addition to hydrogen and oxygen supply from HTSE, hybrid energy systems will rely on heat 
transfer from components emulating NGNP heat sources. It is important that heat transfer, mass action, 
and transport phenomena be tested in an integrated facility to identify and resolve technical integration 
issues; for example, startup and shutdown dynamics, transient process behavior, instrumentation, data 
monitoring, and process control logic for highly coupled and interdependent processes. Integrated process 
operations may require test durations of 1,000 to 2,000 hours in order to demonstrate the process stability 
and reliability necessary for large industrial investment commitment. Integrated testing will provide 
crucial operating training necessary for startup of the new systems. Finally, integration with envisioned 
HYTEST operation with NGNP component testing is the most cost effective manner for testing many 
hybrid energy systems. In order to support the potential hybrid energy system testing activities, the 
following CTC are needed: 

1. Heat transfer loop connection to service pilot-scale HYTEST component demonstrations for 
continuous operation over long test periods 

2. Electrical service connections to simulate nuclear reactor electricity or renewable energy electricity 
that is used to power hybrid energy systems 

3. Hydrogen and oxygen storage tanks, compressors, and high pressure service pipes that can be 
accessed by hybrid energy systems. 

4. Hydrogen, oxygen, and by-product gas and liquid storage tanks. 

5. Process monitoring and controls center sufficient for multiple component testing, as well as integrated 
system testing. 
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6. Physical structures sufficient to locate and test multiple pilot-scale operations set in proximity for 
transfer of energy, products, and by-products. 

7. Accessibility by train or heavy truck to deliver solid feedstock materials or to remove bulk quantities 
of liquid or gaseous product. 

8. Utilities, including water, natural gas, electricity, steam, compressed air, etc., to supply multiple 
components. 

9. Engineers and operators offices, fire safety, and life support systems. 

  Technology Readiness Levels
1  2 3  5 6 10

Basic Principles 
Observed

Application 
Formulated

Commercial Scale-
Multiple Units

Proof of Concept Subsystem Dem. 
At Pilot Scale

HYTEST LABORATORY FACILITY LOCATION

HEAT TRANSFER /ENERGY INTEGRATION - MECHANICAL SYSTEMS

FEEDSTOCK PROCCESSING & RESOURCE EXTRACTION

SYNTHETIC PRODUCTS & HYRDROGEN GENERATION

BYPRODUCT MANAGEMENT  - GAS SEPARATION & RECYCLE

SYSTEMS MONITORING, DIAGNOSTICS, and CONTROL

INTEGRATED COMPONENTS TEST DEMONSTRATION

Candidate IHX testing and trials

Rheology measurements and testing

New concept gasification, Hydrothermal reforming, Heavy oil/Oil Shale extraction
Induction heated feedstock processing demonstration 
High temperature chemical reactors materials testing
CO2 separation/capture and co-processing testing
Syngas cleanup and byproduct management testing
Synthesis Reactor integration and testing / Data for model verification

Subcomponent integration testing and modeling
High temp process instruments testing; Data collection & signal processing; Adaptive modeling

Integrated systems monitoring and control development and demonstration

7.5 bbl/day synthetic fuels pilot plant test reactor

Plant Operational

 
   

Bench Scale Testing

Component 
Demonstrated at 

Experimental 
Scale

System Dem at Eng. Scale

Integrated Prototype Tested and 
Qualified

4 7 8 9 

NGNP

Integration & Demo.

Iinstruments and control system 
demonstration 

Hybrid Nuclear-Fossil-Renewable Energy Systems 
Demonstration

Secure Energy Island HYTEST 

~ 50 MWt Hybrid Energy Demonstration Facility

HTR Critical Components Testing (IHX, HT 
Valves, Circulators)

            2 MW HTSE [or] 30 MW H2 Chemical Loop Testing
Instrumentation, monitoring, and component operability and 
control

Fully integrated pilot plant systems monitoring and control development and 
demonstration, 

Data collection and signal 
processing development 

IEDF HYTEST Lab - Bench-Scale Components and Integrated Testing

IRC Lab

Catalyst, Plasma, Separations, 
experimental studies

H.T. Materials testing & 
qualification studies

BTCT HYTEST Lab Integration
HTSE preformance and materials testing
15 kW Lab Scale HTSE Stack Demonstration

Synfuels production lab-scale 
reactor
Integrated HTSE-Syn. Fuels lab 
testing and modeling

H.T. process parameter and leak detection 
monitoring instruments testing

Materials confirmation and weldment/joint 
testing

High Temperature Chemical Process Testing & Demonstration

Materials & Mechanical Systems Testing

Component Test Capability Subsytem Demonstration
Utilities and operational 
readiness completion

Pilot-Plant HYTEST (Electrical Heat or Natural Gas Heat Source)
200 kW Hydrogen HSTE or 1 MW High 

Temperture Sulfur Iodine Loop Pilot Plant Test
Closed-Loop High Temperture Heat Transfer 

Integration and Control Demonstration 

Pilot-Scale Feed Stock Processing Demonstration with High Temperature Heat Integration
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Appendix C 
 

Example of TDRM 
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TRL8

Secondary 
Fluid 

Candidates

Candidate 
Designs

Candidate 
Materials

Decision Discriminators

Decision Discriminators

Decision Discriminators

230

800H

617

Hastelloy X

Ceramics

800H

617Material 
Down 

Selection

Shell & 
Tube

Printed 
Circuit

Plate & Fin

He

N2/He

Molten 
Salts

Design 
Down 

Selection

Helical 
Tube

Helical 
Tube

Steam

Secondary 
Fluid Down 
Selection

He

Material, 
Design, Fluid 

Down 
Selection

Consider:
-Material, design, fluid compatibility
-Required Delivery Temp
-Distance
-User Requirements
-Operating Conditions
-Transient performance
-Bonding
-Thin section performance

4/29/08

-Creep Fatigue
-Embrittlement
-Thermal Expansion
-Thermal Fatigue 
  Crack Resistance
-Oxidation Resistance
-Carburization 
  Resistance
-Thermal Conductivity
-Max Operating 
  Temperature

Adequate Data for 
Prediction Effects

Effects 
Environmental
Thermal
Radiation

Performance in 
Impure He

Performance

Models/tests to 
Predict Max Life 
Reduction at Weld Site

Fusion of Large 
Sections

Diffusion Bonding / 
Joining of Thin 
Sheets

Can be put into use 
by 2021?

Receipt 
Inspectability

Inservice 
Inspectability

Localized Stress/
Strain

Localized Erosion

Transient Condition 
Acceptability

Localized Corrosion

Tritium Migration 
Allowance

Dust 
Susceptibility(fouling)

Repairability  

Can be put into use 
by 2021?

Compactness

Heat Transfer Rate 
(performance)

Costs

Ease of Codification

Ease of Licensing

Equipment & 
Operating costs

Infiltration to Primary 
in Accident Scenario

Consider accident 
scenarios and ease of 
recovery

Purification Capability
Consider ability to 
separate Tritium 
from 2nd Fluid

Cost
Consider mitigation 
requirements for 
certain fluids

Availability of Fluid

Inspectability (RAMI)

Piping/Valving 
Complexity

Manufacturability 
to section III

Performance under 
off-normal conditions

Replacement 
Frequency

Develop thermal/fluid, stress/strain, and 
performance models

Provide experimentally based constitutive models that are the 
foundation of the inelastic design analyses required by Subsection 
NH of Section III of the ASME Boiler and Pressure Vessel Code

TRL5

Experimental Scale

Pe
rf

or
m

an
ce

 C
rit

er
ia

TRL6 TRL7

Involute

Capillary 
Tube

Plate 
Stamped

 Cost

-Steady State 
-Depressurized 
-Conduction 
-Cool Down

Licensing Risks

MW/m3

Pressure Drop

Integration

-Integration with 
vessels & piping
-Compatibility with 
multi-stage/module 
designs

Note: Can implement 
multiple designs (for 
different process loops)

Test and evaluate Experimental Scale of 
IHX design(s) in relevant environment

Fabricate Experimental 
Scale heat exchanger(s)

Develop manufacturing processes for selected design

Test and evaluate Pilot Scale of heat 
exchanger design(s) in relevant 
environment

Fabricate Pilot Scale 
heat exchanger(s)

Test and evaluate Engineering 
Scale of IHX design(s) in 
integrated relevant environment

Fabricate Engineering 
Scale heat exchanger(s)

Fabricate NGNP heat exchanger(s)

Validate analytical model predictions

Revision:

Date:

Changed by:

13

01/09/09

Layne Pincock

Develop final design for NGNP prototype IHX 

Design 
Engineering 
Scale IHX

Design Pilot 
Scale IHX

Material qualification/codification

Establish reference specifications 
& procure mat’ls for testing

Determine performance of weldments and discontinuities

Determine thermal, physical & mechanical properties 

Evaluate effects of thermal aging & 
environmental exposure

Assess effects of grain size & section thickness

Determine corrosion allowances

Establish criteria for structural integrity of IHX

Constitutive modeling and analysis

Temp: 950˚C
Pressure: 9MPa
Cyclic Testing: TBD

Satisfactory testing of IHX candidate designs at experimental scale

Full Scale

Pe
rf

or
m

an
ce

 C
rit

er
ia

Temp: 950˚C
Pressure: 9MPa
Temp Δ: >400˚C
Pressure Δ: <200kPa
Mass Flow: 10 kg/s
Op Time: >5,000 hrs
Cyclic Testing: TBD

Engineering Scale

Temp: 950˚C
Pressure: 9MPa
Temp Δ: >300˚C
Pressure Δ: <500kPa
Mass Flow: 10 kg/s
Op Time: 5,000 hrs
Cyclic Testing: TBDPe

rf
or

m
an

ce
 C

rit
er

iaPilot Scale
Temp: 950˚C
Pressure: 9MPa
Temp Δ: >250˚C
Pressure Δ: <600kPa
Mass Flow: 5 kg/s
Op Time: 500 hrs
Cyclic Testing: TBDPe

rf
or

m
an

ce
 C

rit
er

ia

Satisfactory testing of 1.2MWt IHX

Full Scale IHX operated successfully

Plate 
Stamped

Establish simplified design procedures

Printed 
Circuit

Maturity of Material 
Data

Properties

Availability

R&D Status

Service Experience

ASME Code 
Qualification

Cobalt Scaling

Fabricability

Availability

Design Margin

Material Thickness

FY 2008 FY 2009 FY 2010 FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017 FY 2018 FY 2019 FY 2020 FY 2021

Complete NGNP 
Conceptual Design

Complete NGNP 
Preliminary Design

Complete NGNP 
Final Design

Submit COLA for 
Selected Design

NRC Issues 
COL

CTF Construction 
Complete

Absence of IHX qualification plan
Principal 

Risks 
Mitigated 

by R&D

FY 2022

Fouling effects on IHX

IHX design and materials stress issues
IHX creep and fatigue
IHX alloy thickness

IHX A

IHX B

Test and qualify full scale NGNP prototype heat 
exchanger design(s) in integrated operational 
environment (non-rad ops)

NRC Licensing

Determine the effects of cyclic loading on creep and fatigue
Extrapolation of creep data to 60 years for 800H

Assist in the development of a guideline for inelastic 
analysis and life prediction

Helical 
Tube

Printed 
Circuit

Determine flaw assessment and leak 
before break

Develop joining procedures

TRL4

Bench Scale

Pe
rf

or
m

an
ce

 C
rit

er
ia

Obtain necessary ASME code approvals

Demonstrate in-service inspectability for inelastic 
design method

Evaluate effects of thermal aging & 
environmental exposure

Develop joining procedures
Obtain codification of Inconel 617

Performance Tests

Design Tasks

Licensing/Codification

Tasks to advance TRL & reduce risk

Key:

Current TRL

TRL3

  Intermediate Heat Exchanger Technology Development Roadmap

Technology Readiness Levels
1

Plant 
OperationalPrototype Engineering 

ScalePilot ScaleExperimental 
ScaleBench ScaleProof of 

Concept
Application 
Formulated

Basic 
Principle

Technology Component Subsystem System Plant

Commercial 
scale

2 3 4 5 6 7 8 9 10

 


