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Safety Requirements Expected to
the Prototype Fast Breeder Reactor “Monju”
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(Received July 24, 2014)

In July 2013, Nuclear Regulation Authority (NRA) has enforced new regulatory
requirements in consideration of severe accidents for the commercial light water reactors
(LWR) and also prototype power generation reactors such as the sodium-cooled fast
reactors (SFR) of “Monju” based on TEPCO Fukushima Daiichi nuclear power plant
accident (hereinafter referred to as “1F accident”) occurred in March 2011.

Although the regulatory requirements for SFR will be revised by NRA with consideration
for public comments, Japan Atomic Energy Agency (JAEA) set up “Advisory Committee on
Monju Safety Requirements” consisting of fast breeder reactor (FBR) and safety
assessment experts in order to establish original safety requirements expected to the
prototype FBR “Monju” considering severe accidents with knowledge from JAEA as well as
scientific and technical insights from the experts.

This report summarizes the safety requirements expected to Monju discussed by the

committee.

Keywords: Fast Breeder Reactor, Monju, Safety Requirements, Severe Accident, Accident

Management, In Vessel Retention
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(1) F=axo b

The new requirements 49-53 appear to generally apply to LWRs, not advanced reactor

designs such as SFRs.

49~53 FIFTWAFIZHEH T2 DT T M) v AmHEEFICEN T 5 b O TERWwE b
60

LWRs with emphasis on single-failure for design basis accidents and smaller safety
margins have a comparatively higher likelihood of accidents that lead to core damage and
that requires a conventional leak-tight containment structure to provide a
defense-in-depth measure. In an SFR like Monju, a hypothetical core melt to penetrate the
core catcher, the reactor vessel, and the guard vessel would require multiple failure
scenarios with much smaller likelihood. In the U.S., the Advanced Reactor Design Criteria
currently in preparation proposes to modify the corresponding containment requirements
to achieve a "containment function" that can be provided by a physical system or
combination of physical systems that collectively reduce dose at the site boundary as a

consequence of postulated accidents.
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hb,

KETIL, BUEERTOLEF DG 2Z 747 V7 (Advanced Reactor Design Criteria) |
BT, AEFSORERLE LT, MELY 2T 5T, %@ﬁAﬁc;ofk%Fﬁmﬁg%i
WELTFTFDZ LT MEMEEE) ZMART X510, ST HRMEROEEZREZL TW
Do

My more specific comments on individual requirements are as follows:

fER = A > NI DY

- 174 -



JAEA-Evaluation 2014-005

Requirements 49 and 50: The containment pressure/temperature loading mechanisms are
uniquely different for LWRs than for SFRs. However, if a conventional leak-tight
containment structure is part of the design to perform a defense-in-depth function,
equipment to cool the containment structure (and reduce the containment pressure) might
be desirable to address consequences of sodium spray and pool fires (possibly from leaks

from intermediate loop pipes that reside inside the containment).

49 % (R HMAEIR DM ENE O T2 OFAH) K50 5 (I kN7 #5 0 FEARHE 4 B 1k
T DT D)  ASIEIR~OET) IREERAR A T = X LITBAKF LT U U AmHERF T
Biph, LUt (ERTEY O U — 27 X A bk inags 3 R fE Bhne & B 7o 3 it o —
HThHLHRL, MMEREMAT S (AU HAGRNEZHIET 5) RiFEL (B26 <, KA
BNOFNL—TEE NSOV E D) Na AT LA BREEC 7 — WBRBE D BT/ L 5
BEOLITEE LG L,

Requirement 51: In an SFR, the scenarios dealing with molten core reaching down to the
bottom of the containment vessel (either a conventional leak-tight containment or a
structure that perform a confinement function) can be demonstrated to fall well-within the
residual risk category; therefore, the consequences of such hypothetical scenarios are
typically addressed through defense-in-depth considerations with adequate emergency

planning.

51 5= (R TIFHMAES N OBEMIFOEBHEIT 2720 0) : 7 N U 7 AmEEEF T,
RE DDA S (TERTA Y OV — 7 X A N 2K 28 XUTFEANFERE 2 7o i) T
WCHETFT DT VAT, BAOV R OAT TV =+ REELIHDZ ENFEIEINGED,
Weo T, ZDOX D ARI 2> F ) A OB, WU BRARETE & s, — RSB
DEFEOFTHIGS D,

Requirements 52 and 53: Usually, only major source of hydrogen in an SFR is byproduct of
sodium-concrete chemical interactions. Theoretically, a secondary sodium leak inside the
containment could lead to pool fires and sodium-concrete reactions. As long as Na keeps
burning with available oxygen, a hydrogen accumulation can be ruled out (it will readily
burn).

Perhaps, some accumulation can be hypothesized if oxygen inside the containment is
depleted (or absent), but its consequences are typically addressed through the containment
design-basis analyses (a base-mat can prevent it, for example). Therefore, unless a specific

other source of hydrogen is identified, these new requirements may not apply to Monju.
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Requirement 56: This new requirement indeed appears to be duplicative with requirement
37, and may not apply to Monju since an in-vessel retention of core debris in response to a

hypothetical core disruptive accident can be demonstrated through analyses.

56 5 (L7445 1k R B0 R URE L AF D D 38 LWBRE K OV TR RS IR SR DR A2 B IE 3~ 5 7o 0
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(2) #ig=ax b

As to the Requirements 52 and 53: All I meant is that, if the only credible source of
hydrogen inside the containment is due to sodium fires and its interaction with concrete, it
could be ruled out through design considerations such as steel liner covering the floor of the
containment to avoid direct contact with sodium. I.e., these two requirements appear to be
only applicable to LWRs with much more significant H2 accumulation concerns inside the

containment.
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(3) Sofu KM/ (http://www.ne.anl.gov/About/sofu_bio.html X v 5] )

Dr. Tanju Sofu

- 176 -



JAEA-Evaluation 2014-005

Department Manager
Engineering Analysis Department

Nuclear Engineering Division

Tanju Sofu is the manager of the Engineering Analysis Department in Argonne's Nuclear
Engineering Division. He is responsible for technical leadership and programmatic
guidance of a variety of activities that include engineering simulations and safety analysis
of nuclear reactor and fuel cycle facilities and systems, development of innovative nuclear
reactor concepts, facility risk assessment and structural analyses, nuclear reactor plant
performance analysis, and process modeling for developmental energy technologies. Dr.
Sofu also leads the Fast Reactor Safety and Licensing technical area under the U.S.
Department of Energy's Advanced Reactor Concepts (ARC) program. He is the co-chair of
OECD/NEA's Generation-IV International Forum (GIF) Sodium Fast Reactor (SFR) Safety
Design Criteria Task Force and U.S. representative to the GIF Risk & Safety Working
group and SFR Safety and Operations Project Management Board.

Dr. Sofu joined Argonne in 1992 as a post-doctoral appointee. His educational background
includes a BS degree in Physics and MS degree in Nuclear Engineering from Hacettepe
University, Ankara, Turkey, and PhD degree in Nuclear Engineering from University of
Tennessee in Knoxville. During his tenure at Argonne, Dr. Sofu has contributed to a
number of nuclear and non-nuclear projects mostly focusing on development of simulation
models for engineering systems analyses involving multi-dimensional, multi-scale,
multi-physics phenomena. His technical contributions include a wide range of large-scale
computational physics and fluid dynamics simulations on high-performance computing

platforms for design optimizations, model validations, and safety analyses.
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