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New AESJ Thermo-Hydraulics Roadmap for
LWR Safety Improvement and Development after Fukushima-Daiichi Accident

H. Nakamura®, K. Arai’, H. Oikawa?, T. Fuijii®, S. Umezawa®,
Y. Abe®, J. Sugimoto®, S. Koshizuka’ and A. Yamaguchi®
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Abstract

The Atomic Energy Society of Japan (AESJ) is developing a New Thermal-Hydraulics and Safety
Roadmap (THS-RM) by thoroughly revising its 1st version prepared on March 2009 under
“Evaluation of Technology Basis for Thermal-hydraulic Safety Evaluation Methods” working group
(WG) being composed of utilities, vendors, universities, research institutes and technical support
organizations (TSO) for regulatory body. The 1st THS-RM was designed for both of existing and new
LWRs under development. Main objectives were to make improvement into safety and economy of
existing LWRs including power uprate, to develop new LWRs with improved safety features and
economy, and to facilitate subjects common to existing and new LWRs such as development of
advanced safety analysis methods, severe accident, fire, etc.

The revision is being completed by March 2015 by two sub-WG (SWG) for “safety assessment” and
“fundamental technology” after completion of a technical map for severe accident in 2013 by “severe
accident” SWG, based on lessons learned from Fukushima-Daiichi Accident. The “safety assessment”
SWG pursues development of computer codes for reactor design, safety assessment, CFD with
discussions on model V&V and scaling. The “fundamental technology” SWG pursues safety
improvement and risk reduction via accident management (AM) measures by referring the established
technical map for severe accident. In both SWGs, phenomena and components for counter-measures
and/or proper prediction are identified by going through severe accident scenario in both reactor and
spent-fuel pool of PWR and BWR. Several important technology development subjects, such as core
catcher and passive containment cooling system (PCCS), have been identified. Then, a number of
work description sheets for each of identified and selected R&D subjects suitable as the RM items.
External hazards are also considered by both SWGs through the subject identification process to
clarify influences onto thermal-hydraulic safety of LWRs.

A summary of the revised THS-RM with chronological roadmap for each R&D subject is given in the
paper with several examples and future perspectives.

Keywords: AESJ, LWR, Thermal-Hydraulics, Safety, Roadmap, Fukushima-Daiichi Accident
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(4) Japan-U.S. Seminar on Two-Phase Flow Dynamics 2015
Purdue University, West Lafayette, U.S.A, May 13, 2015

USNRC embedded Workshop on Fukushima with Panel Discussion

AESJ new thermo-hydraulics roadmap for LWR safety improvement based on
lessons-learned from Fukushima Daiichi accident Accident

Hideo NAKAMURA (JAEA), Kenji ARAI & Hirohide OIKAWA (Toshiba),
Tadashi FUJII (Hitachi-GE Nuclear Energy), Shigemitsu UMEZAWA & Akira OHNUKI (MHI),
Yoshihisa NISHI (CRIEPI), Yutaka ABE (U. Tsukuba), Jun SUGIMOTO (Kyoto U.),
Seiichi KOSHIZUKA & Akira YAMAGUCHI (U. Tokyo)

The Atomic Energy Society of Japan (AESJ) developed a New Thermal-Hydraulics Safety
Evaluation Fundamental Technology Enhancement Strategy Roadmap (TH-RM) for LWR
Safety Improvement considering lessons-learned from the Fukushima-Daiichi Accident. Joint
efforts were made by three Sub-Working Groups (SWGs) of severe accident, safety
assessment and fundamental technology. The safety assessment SWG pursued
development of computer codes for safety assessment concerning reactor system response
including severe accident. The fundamental technology SWG pursued safety improvement
and risk reduction via enhancements in accident management (AM) measures, by referring a
detailed state-of-the-art information on severe accident phenomena, countermeasures and
research status given from the severe accident SWG. Important technical subjects were
identified by going through accident scenario in both reactor and spent-fuel pool of PWR and
BWR. Work description sheets were prepared for each of identified subjects. Detailed
information to cope with influences from external hazards is also summarized. The developed
TH-RM is described with examples, and future perspectives are discussed.

Panel Discussion among Presenters
Chairs: Prof. Michael Corradini (University of Wisconsin)
Prof. Michitsugu Mori (Hokkaido University);
Richard Lee, Stephen M. Bajorek & Jennifer Uhle (USNRC), Randy O. Gauntt (SNL),
Akitoshi Hotta & Miyuki Akiba (NRA), Kaichiro Mishima (INSS), Hideo Nakamura (JAEA)
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(5) The Ninth Korea-Japan Symposium on Nuclear Thermal Hydraulics and Safety
(NTHAS9) Buyeo, Korea, November 16- 19, 2014

AESJ New Thermo-Hydraulics Roadmap
for LWR Safety Improvement and Development after Fukushima Accident

Hideo NAKAMURA*

Japan Atomic Energy Agency (JAEA)
2-4 Shirakata-Shirane, Tokai-mura, Ibaraki, 319-1195 Japan

The Atomic Energy Society of Japan (AESJ) started to develop the Thermal-Hydraulics and Safety
Roadmap (THS-RM) in 2007 by establishing a special committee on “Evaluation of Technology Basis
for Thermal-hydraulic Safety Evaluation Methods” and completed the preparation of first version by
March 2009. The committee members were composed of utilities such as TEPCO, KEPCO and JAPC,
vendors such as Toshiba, Hitachi-GE Nuclear Energy (HGENE) and Mitsubishi Heavy Industries
(MHI), universities, research institutes such as former JAERI and CRIEPI, and technical support
organization (TSO) for regulatory body such as former JNES. The 1st THS-RM was designed for both
of existing LWRs and new LWRs under development at that time. Main objectives were to make
improvement into safety and economy of existing LWRs including power uprate, to develop new
LWRs with improved safety features and economy, and to facilitate subjects common to existing and
new LWRs such as development of advanced safety analysis methods, severe accident, fire, etc.
Outline of the 1st THS-RM was explained at the NTHAS7 Keynote Lecture “Roadmap on
Thermal-Hydraulics and Safety of AESJ” (2010).

After the establishment of the 1st THS-RM, a “rolling” activity to revise according to the relevant
technology development was started via follow-on discussion in the AESJ Thermal Hydraulics (TH)
Subcommittee. Whole tasks were divided into three such as severe accident, plant improvement
technology and scaling being pursued by the three sub-working groups (SWG). Matching between
“seeds” from universities and research institutes and “needs” from utilities & vendors was then
recognized as one of the most important strategy for the manpower development, thus to promote
R&D capabilities. During the course of revision activity, the Fukushima Daiichi LWR accident
occurred in 2011 and made us convinced that the assurance and continuous improvement of safety
should be the first priority. We then restarted the discussion towards the promotion of safety based on
the defense-in-depth strategy and against natural hazards including natural disasters such as flooding
including tsunami, high wind including typhoon and tornadoes, and fires on- and off-site. A technical
map was thereafter established by 2013 through the effort by “severe accident” SWG.

Currently, the revision of the THS-RM is underway by two SWGs for “safety assessment” and
“fundamental technology”. The “safety assessment” SWG pursues development of computer codes for
reactor design, safety assessment, CFD with discussions on model V&V and scaling. The
“fundamental technology” SWG pursues safety improvement and risk reduction via accident
management (AM) measures. In both SWGs, phenomena and components for counter-measures
and/or proper prediction are identified by going through severe accident scenario in both reactor and
spent-fuel pool of PWR and BWR. Several important technology development subjects, such as core
catcher and passive containment cooling system (PCCS), have been identified. Then, a number of
work description sheets for each of identified and selected subjects suitable as the RM items. External
hazards are also considered by both SWGs through the subject identification process.

In the keynote lecture, a current status of the THS-RM under revision is summarized with several
examples, and future perspectives are to be discussed.
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