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Safety Requirements Expected to
Prototype Fast Breeder Reactor “Monju” (Draft)

Monju Safety Peer Review Committee
Executive Summary

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

Although the requirements for SFR will be reviewed with public comments, Japan Atomic
Energy Agency (JAEA) set up “Monju Safety Peer Review Committee” consists of fast
breeder reactor (FBR) experts in order to establish an original safety requirements
expected to 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 in terms of following aspects?:

(D Policy of design basis enhancements
@ Policy of severe accident prevention and consequence mitigation initiated by

internal/external events

SFRs use sodium as coolant. It is not necessary to increase primary system pressure for
power generation because of high boiling point of sodium (883 deg C in atmospheric
pressure) and sodium coolant level can be maintained by guard vessels. It would therefore
not result in core uncovering accident in early stage even in the case of a loss of primary
coolant accident which could occur in a LWR, and hence pressure reduction and coolant
injection are not necessary for a SFR. Liquid sodium can be used in wide temperature
range and be cooled by natural circulation. In addition, multiple accident management
(AM) strategies by manual operation can be applied because temperature rise is generally
moderate even under accident conditions and grace period (several to several ten hours)
before significant core damage occurs can be achieved due to large heat capacity of sodium
in systems and of plant structure. On the other hand, it should be taken into consideration

that not only the possibilities of positive void reactivity and of criticality due to fuel

2 This report describes the results of discussion by the committee regarding “the safety requirements”.
This is therefore not so-called “Peer review”.
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compaction but also high chemical activity of sodium. Safety features of SFR are different
from LWR, due account must be taken of the differences between them for establishing the

safety requirements for SFR.

Designs for Monju have been made based on the features described above and safety
assessments have been conducted. In particular, preliminary assessment had been carried
out even for beyond design basis accidents prior to the assessments for severe accidents.
The results showed that design measures with due consideration of the core characteristics
were implemented in Monju.

However, given the 1F accident, providing further safety ensuring measures is important
in terms of reflecting the lessons learned from the accident. The investigation conducted by
Atomic Energy Society of Japan showed that there were no serious damages on facilities
important to safety by the earthquake. Nevertheless we must seriously consider that
flooding caused by tsunamis lead to loss of all AC/DC power supplies in unit 1 through unit
4 and failure of AM, because the AM was developed based on the assumption that DC
power can be maintained even under accident conditions. The following provisions,
therefore should be investigated considering the lessons from 1F accident: 1) enhancement
of measures for general external hazards including earthquakes and tsunamis that could
result in common cause failures, 2) alternative power supply equipment and their
dispersed locations to be provided to cope with long-term accident conditions, 3)
improvement of reliability including emergency operation, management, regime (personnel
actions) under Station Black Out (SBO), 4) detailed verification for ensuring containment
function, 5) reinforcement of communication tools and instrumentation under SBO.

Probabilistic risk information should be utilized for selecting events when reflecting them.

This report consists of seven chapters:

Chapter 1 The objective of this committee and scope of investigation as
presuppositions for the discussion;

Chapter 2 Fundamental safety principles as a basis, approaches for utilizing risk
information, lessons from 1F accident and approaches for preventive
measures for the lessons as well as comments from international experts on
the issue, as points of view;

Chapter 3  Policy of important design basis accidents and for transition from a design
basis accident to a beyond design basis accident;

Chapter 4 Policy of severe accident prevention and consequence mitigation inherent
to SFRs;

Chapter 5 Policy of provisions against natural disasters and aircraft crashes to be

focused as extreme external hazards;

vi
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Chapter 6 Preventive measures to be particularly emphasized among the lessons from
1F accident;

Chapter 7 Key discussion points and following 16 requirements that sufficient
preventive measures shall be taken for “safety requirements expected to
prototype FBR “Monju” considering severe accidents” summarized by the

committee;

1. In order to ensure safety for public and environment against nuclear reactor
accidents, radiation risks for public health and environment released from a
nuclear facility and its activities shall be controlled below the socially
acceptable limit.risk with the protective and mitigation measures based on the
Defence-in-Depth concept.

2. < Reactor Shutdown Systems> Reactor shutdown systems shall be multiple,
variety, and independent. More than two independent reactor shutdown
systems with control rods shall be installed. At least one of the reactor
shutdown systems shall be able to transfer and to maintain subcriticality
during a design basis accident.

3. < Decay Heat Removal Systems > Equipment that removes decay heat
generated in the reactor vessel and transfers the heat to ultimate heat sink
shall be provided. Heat transport system and ultimate heat sink shall be
maintained their integrity and function.

4. < Avoiding common cause failures > Verification for necessary design
measures shall be made in order to prevent internal fire and flooding as well as
their progression that could result in common cause failures. In case where the
design measures are insufficient, additional measures shall be provided.

5. The adequate measures against severe accidents on sodium leakage and
Na-water interaction shall be provided. Further investigation for validation of
current preventive measures especially against sodium leakage in the
secondary system and water leakage from a steam generator and for the
possibility of progression to a severe accident shall be performed. Then
appropriate design measures shall be provided if necessary; although measures
considering high chemical activity of sodium and Na-water interaction against
coolant leakage have been implemented in Monju.

6. The events induced by failure of reactor shutdown and by failure of heat
removal that could result in a core damage accident. Appropriate AM
strategies including necessary emergency equipment, operation, management,

regime (personnel actions) considering each event progression and loss of basic

safety function evaluated by probabilistic risk assessment (PRA), shall be
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14.

provided.

AM including necessary emergency equipment, operation, management,
regime (personnel actions) shall be provided taking into account rapid event
progression of Anticipated Transient Without Scram (ATWS) due to the core
characteristics of SFR.

The safety measures against Loss of Heat Removal System (LOHRS) are
extremely important considering the characterstics of Monju. The AM
strategies with extreme reliability including necessary emergency equipment,
operation, management, regime (personnel actions) shall be established.
Detailed assessment for events that could result in loss of containment
function should be carried out and design measures to reduce the possibility of
the loss as low as reasonably achievable shall be provided. It should be shown
that events that could result in failure of a reactor vessel caused by molten fuel
can be prevented against all ATWS events and LOHRS events which can be
practically eliminated.

Risk assessment shall be conducted based on methodologies such as PRA and
preventive measures shall be provided to ensure safety with adequate margin
against natural disasters (e.g. earthquake, tsunami) for a nuclear reactor
facility. For levels and magnitudes of these natural disasters which exceed
design assumption, the high level safety measures based the characteristics of
SFR shall established considering the effect by the natural disasters and the
equipment tolerance.

A nuclear reactor facility shall be equipped with protective measures that can
prevent a severe accident and mitigate consequences against intentional large
airplane crash and terrorism. In case three independent loop type auxiliary
cooling systems which are capable of natural circulation cooling have been
dispersedly installed in the facility, it is appropriate that risk assessment is
performed taking into account the design features and its validity.
Appropriate preventive measures with the existing equipment against the
hydrogen explosion including hydrogen concentration monitoring, hydrogen
release into the environment and intended small hydrogen explosion shall be
provided to establish the reasonable measures against severe accident.
AM-based preventive measures against fuel damage in a spent fuel storage
pool and Ex-Vessel fuel Storage Tank (EVST) shall be provided taking into
account the design features.

The habitability of the main control room for operation and emergency
operation center for support shall be ensured taking into account the use of

them, as part of multiple preventive measures in case of a severe accident. The
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16.

habitability of the main control room should be such that plant personnel can
stay and perform necessary operations even under severe accident conditions.
On the other hand, the habitability of the emergency operation center should
be evaluated taking into account of the objectives of the emergency operation
center and its functional requirements because event progression in SFR is
different from LWR.

Monitoring devices for the reactor and plant conditions required under severe
accident conditions shall be installed. Monitored parameters under such
conditions should be appropriately selected in view of the event progression
such as postulated severe accident sequences, and environmental conditions.
Additionally, monitored parameters should be identified according to the
characteristics and accident sequences of SFR. Furthermore, monitoring
devices should be classified based on the parameter importance and be
provided with seismic resistance.

Necessary measures shall be provided so that appropriate AM can be
performed under severe accident conditions. Procedures should be established
after identifying the significant accident sequences then they should be
confirmed at site in order to respond appropriately and flexibly to the severe
accident. Necessary preparations such as providing training and carrying out
drills for any conditions and securing enough personnel should be made based
on the procedure. For the preparation, it is required that criteria for judging
the priority of operation and for executing the operation are established and

access routes to the site are ensured based on the lessons from 1F accident.
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(1) Fa XA~ b

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

designs such as SFRs.

49~53 FRITWAFICEH T 2O T MU v AmEIESEFICEHA T2 b0 TlEnwe bl
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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My more specific comments on individual requirements are as follows:
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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 & (PR 2R O Im B O 729D OFAH) KON 50 S (L JF K AN 28 2 00 1 FE AR HE 4 B 1k
T 572D D) : NERR~DOIES) IREEATN A = X NI &) b U 7 AEHEEF T
B, LR S, ERTIAY OV —27 XA NI A R DR RE 2 - kGt o —
HTHLRD, BNEREBAT L (RO HERNEZRIET 2) L (B35 <, KR
FNOHFRFIL—TEE NS DA VIZE D) Na A7 LA RBESC T — VIRBED BB B D flTe
BLEDHITEELVLDS LILAR,

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 % (R IFHAEd TE ORI D2 mAT 2720 OdiE) « 7 Y U LmElmEE T,
WRP DI A S (IERTER Y O U — 27 Z A N IR S £ T2 IR RE 2 R T &) I
MICETT 2T UHIERDY A7 DT TN =2+ LIDD I ENEIESNGED,
o T. ZOX DRI T U AT, YR BAakEtm e LT, —RIICHEEN#EDOEZE
VAR SN

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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BE L, MINARNOBRFPREE L TS 200 CU3tx Bl »2REOERITM
EINGD, LoLansb, OB, —RIZITKMELGRO DBA THbohd (FlziX, X
— Ay MR EBILT %), o T, LOKFBRAETLHFEE SN2 TIUE. Zh D53
[HA TG ITIEY TIEE S22,

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 4 R T-4P 1% 1L RABE R D D 3 LRI I QIR PR A SR OB & D IR 5 7280 0
) - SO INTEIC 37 FLEEL TS LB, £, UMK LB
(HCDA) (ZET 25007 7 Y OFFIFARBNKE (IVR) 1, MHTIC K-> CHIES 2 2 &
MARETH D70, THA L] IS TIEE SR,

(2 MiEg=axr 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.

52 % (R IR MAESOBE LT 5720 O E) K53 & OKEBREICL DR FIRdE
SDHEE RIS B0 0E) I LT A3 A hOBERIZULTOMEY ,, BMESNO
ME—Fe 72 AKEFAER Na KEROZED a7 ) —F EDHEERIZLEDZbDTHLR D,
Na & OEBHELZ BT DM ASR ORI 28 5 SO 7 4 F 0 X 5 iREHIBIT 5 BREIC
Lo THRENES, Tbb, 2hb0 2 505 TTKMARENTOIES NS KAkEE
FEICHE S8 Y 7= B AR IC D i A AT RE & b b,
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(3) Sofu K (http://www.ne.anl.gov/About/sofu_bio.html X ¥ 5] )

Dr. Tanju Sofu

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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