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The first meeting for the McMaster Critical Heat Flux and Thermal-hydraulics Benchmark (CTH-1) will 

be held on May 14, 2019 in Oak Ridge National Laboratory (ORNL) and is a follow-up to the kick-off 

meeting held at BEPU 2018. The CTH-1 meeting will be held in conjunction with other 

meetings/workshops in order to facilitate co-ordination and sharing of work. Six other meetings are being 

held in Oak Ridge, TN, USA during the same week in order to make the participation more efficient and 

combine efforts in common areas such as neutronics, thermal-hydraulics, and multi-physics modelling and 

uncertainty analysis. The meetings/workshops concerned are: 

•  May 13 – May 14, 2019 – Fifth OECD/NEA Sodium Fast Reactor (SFR) Uncertainty Analysis in 

Modelling (UAM) benchmark meeting (SFR-UAM-5); 

•  May 13 – May 14 (morning), 2019 – Sixth COBRA-TF User’s Group Meeting (CTF-6); 

•  May 15 – May 16, 2019 – Thirteenth OECD/NEA Light Water Reactor (LWR) Uncertainty 

Analysis in Modelling (UAM) benchmark meeting (LWR-UAM-13); 

•  May 15 – May 16 (morning), 2019 – First benchmark meeting on OECD/NEA Multi-Physics Pellet 

Clad Mechanical Interaction Validation benchmark (MPCMIV-1); 

•  May 16 (afternoon) – May 17, 2019 – Fourth OECD/NEA Time-Dependent Neutron Transport 

(C5G7-TD) benchmark meeting (C5G7-TD-4); 

•  May 17, 2019 – Kick-off meeting on OECD/NEA TVA Watts Bar 1 (WB1) Multi-Cycle Multi-

Physics benchmark (TVA WB1). 

Tours of ORNL facilities will also be offered: 

•  ORNL Reactors Tour includes the historic Graphite Reactor, the world’s first continuously 

operated nuclear reactor that is now a historical landmark, as well as the High Flux Isotope Reactor 

(HFIR): the world’s most powerful thermal neutron irradiation reactor. 

•  ORNL Irradiated Fuels Examination Laboratory with hot cells where active post-irradiation 

examinations are ongoing for high-burnup LWR fuel, as well as TRISO fuel from the Advanced 

Gas Reactor campaign. 

•  ORNL Leadership Class Computing Facility including Summit, the world’s most powerful 

supercomputer, as well as TITAN, formerly the world’s most powerful and current 9th. Participants 

will also visit state-of-the-art data visualization facilities. 

The weeklong events are sponsored by ORNL, especially through the ORNL Nuclear Resources – Analysis 

and Modelling Portfolio (ONRAMP), as well as the US Department of Energy, Office of Nuclear Energy. 

Bradley T. Rearden from ORNL is the local event host. 

Purpose of the Meeting 

The need to refine modelling and simulation tools for best-estimate calculations, based on high-quality 

experimental data, has been emphasised in recent international fora to support nuclear applications. Data 

needs are not limited to the currently-available macroscopic methods, but increasingly are needed to 

underpin next-generation analysis techniques that focus on more microscopic processes. In the last decade 

there has been tremendous co-operation in the area of nuclear thermal-hydraulics through a series of 

benchmark problems performed within the Nuclear Science and Nuclear Safety Committee of the 

OECD/NEA. These include the Boiling Water Reactor Full-size Fine-mesh Bundle Tests (BFBT) and 

Pressurized Water Reactor Sub-channel and Bundle Tests (PSBT) benchmarks. A large number of 

international experts participated in these benchmarks, and the programme influenced thermal-hydraulic 

codes development, validation, and uncertainty quantification and resulted in dozens of publications. 



Building on the success of the OECD-NEA/US-NRC sponsored BFBT and PSBT benchmarks, McMaster 

University, in collaboration with North Carolina State University, will host a new thermal-hydraulic 

benchmark. The CANDU Owners Group (COG) has provided full-scale experimental data for a 28-element 

CANDU fuel assembly, including pressure drop and detailed pin temperatures for single-phase and boiling 

conditions. While the number of nuclear power plants using 28-element fuel arrays is limited, the 

phenomena measured during these experiments are relevant to that of other heavy-water fuel designs and 

to phenomena present in Light Water Reactors. 

The objective of the established international OECD/NEA-sponsored CTH benchmark is to encourage 

advancement of thermal-hydraulic predictions in rod bundles, which is key to evaluating the nuclear reactor 

safety margin. This benchmark specification is designed to systematically assess and compare the 

participants’ numerical models for the prediction of detailed fuel pin temperatures and dryout in a full-scale 

28-element fuel bundle in water. The purpose of this benchmark is to: 

 provide data for validation of numerical models that predict single and two-phase pressure drop; 

 provide data over a wide range of geometrical and operating conditions for validation of single and 

two-phase heat transfer models; 

 provide CHF data over a wide range of flows, pressures and temperatures and under full scale 

reactor conditions for code testing and model development. Of particular importance are the tests 

where aged reactor conditions are represented and, hence, the geometry deviates from nominal 

conditions; 

 provide novel “dry patch” mapping data wherein the post-CHF characteristics like dry-area fraction 

and post-dryout temperatures can be compared to code predictions. 

The kick-off meeting was held in 2018 in conjunction with the UAM workshops and BEPU 2018. In 2019 

the draft specifications were issued to the potential participants. Based on feedback, the structure of the 

benchmark has been changed and will include: 

- A prequalification phase where a limited set of thermal-hydraulic and CHF data will be released. 

This phase will allow users to develop the necessary models for the blind phase. 

- A blind two-phase thermal-hydraulic and CHF phase wherein users will submit results for a range 

of inlet conditions and assembly powers. 

- A third phase where participants may resubmit their CHF predictions from phase 2, and an 

additional blind phase covering post-dryout predictions. 

The meeting will cover the original and revised benchmark specifications, go through the detailed geometry 

specifications, and the draft submission templates.  The pre-qualification data for release will also be 

covered at this time. 

Meeting Content 

The meeting will cover the following topics: 

- Benchmark geometry and boundary condition specification 

- CAD files 

- Prequalification phase experimental data 

- Modelling considerations 

- Phase 2 test conditions 



- Submission templates and information 

- Timelines and format for submissions 

Participation in the Meeting 

The participation in the meeting is open to all registered participants to the CTH benchmark and any 

interested parties that may be interested in future participation. 

Proceedings of the Meeting 

A summary of the CTH-1 meeting will be published by the McMaster University after the meeting. The 

presentations will be available free of charge to the participants to download from the CTH area on the 

OECD NEA webspace. 

Contacts and Registrations 

A common registrations webpage is made available for the participants of the SFR-UAM-5, CTF-6, 

PHWR-TH-1 (CTH-1), LWR-UAM-13, MPCMIV-1, C5G7-TD-4, and TVA WB1 workshops at the 

following URL: 

https://onrampmeetings.ornl.gov 

Inquiries about registrations can be directed to: 

Brad Rearden, ORNL, reardenb@ornl.gov 

Please send the titles and authors of your presentations for CTH-1 meeting to David Novog: 

cthbench@mcmaster.ca 

Workshops’ Location 

The meeting place for the seven workshops during the week of May 13-17, 2019 is the ORNL Conference 

Canter at ORNL. The information for transportation and hotels is provided at the link below: 

https://onrampmeetings.ornl.gov/lodging/ 
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