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BEME XK (The combination of higher
levels of design simplification and
integration results in fewer failure modes.
For example, the smaller number of reactor
vessel penetrations reduces possible
leakage points, and the design is therefore
more resistant to a loss—of-coolant
accident (LOCA). The integration of control
rods into the vessel also supresses the risk
of control-rod ejection accidents. Moreover,
the higher thermal inertia and lower power
density of the integral designs leads to a
slower response in case of temperature

transients, thus increasing safety margins.).
(OECD/NEA 2021 [1] P.29)
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BEEHRESORMNENEORITRH
< /NYTIEAE (For SMRs, a main
barrier for protecting the environment from
the radioactive releases is also necessary
to ensure the confinement function in case

of accidents including severe accidents.)
(IAEA 2018 [2] P.80)

BETOBEDEERDHODL. BREEEREE
M BAHEDARELZEIEHAWE (In order
to ensure the successive levels of DiD, and
despite the efforts of SMR designers on DiD
levels 1 and 2 reinforcement, it is important
to get a clear demonstration of the
effectiveness of the design safety features
to mitigate PIE (level 3) and of the features
to mitigate severe accidents (level 4) for all

operating modes. )
(IAEA 2018 [2] P.95)
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BRIELBEE—FEZRAVSESATREME. BA
BRICKSHHIREBREDIEIEEFTEEIZ, (The
higher reliance on passive safety mechanisms
reduces the need for active systems,
potentially simplifying safety evaluations and
reducing failure modes. In addition, the higher
surface—to—volume ratio of small reactor
cores is conducive to enhanced decay heat
removal modes, such as via natural circulation
that results in longer coping times.)

(OECD/NEA 2021 [1] P.29)

KPR LN DSMRIFE LUV R A 2L,
BR—ZANKYBREM, SIEMNLZZEINZ LS
e, RALTHEE—FDER. BXUATY
1FDRABFHEY —> (EPZ2) Dfig/MED
E—IT4-r—ADEH S VA Z I HE
DEES, SR EOATNM DAL, TEFk
[CHEWFHT=ERFNSTALEER, RFH
RERFEBAIH-LEFIMEDBRAFE S,
FYRBEBRET7TTO—FNRE(Z SRR

1'_&._0 (However, the main difficulty with novel designs
is the more limited experience base, making it
challenging to demonstrate and approve their safety
case based on more efficient passive safety features,
fewer and less severe failure modes and reduced off-
site emergency planning zones (EPZs). In addition,
changes to the fuel and/or coolant will translate into
greater deviations from previous regulatory
paradigms and may require more flexible licensing
approaches, as well as the development of a
considerable amount of new expertise within nuclear
safety regulatory organisations.) (OECD/NEA 2021
[1] P.10)
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MTEHREBELZAREICL. BRAKBOALSNE THEHIASMROREHRETICKEHET
BEMSDRFEZE ML (SMR features also B, Fl=, T, K, FITKLEREGE,
make below—grade siting possible , which SMR DHREBBFrICKY. SFEXE/ DD

provides more protection from natural (e.g. ([Fi8) LRIVICEEZLGEZEZX 5 X H0[REE.

seismic or high—wind events depending on (Siting aspects may have important

the location) or human—made (e.g. aircraft influence on SMR safety design and
impact) hazards.) (OECD/NEA 2021 [1] different DiD levels due to applicable range
P.29) of suitable site for SMR installations,

including underground, underwater or
floating on water.)
(IAEA 2018 [2] P.19)

DiD: Defence in Depth
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MICRITOXRB D E—I1= Yy WREIHR®D
BRI RFTHST-0. B2
TOEANBRIZGHEL AR, (For
example, current licensing frameworks
typically rely on the extensive experience
base of large single—unit LWRs that use
uranium oxide fuel with enrichment below 5%.
The LWR-based SMRs being proposed have
similar operating conditions and fuel
arrangements, which are expected to

facilitate their licensing process.)
(OECD/NEA 2021 [1] P.10)
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R—ZAHKYRTER . ShEMGZEIRN R EHEEE.
RAGTHEE—FDER. 5LV THSFDORR
BFETEY —> (EPZ) O#E/ME I tE—I77 -
F—ZADRIAHFVRBICHESEES -G8
HOSHMOEAIE., FEERICHEVET=LRH /NS
FALEZER, RFHAREAFABRAIH-LGE
FAENEE DR . LU RBGRATT7TO—Frw
B (2150 rEME ., (However, the main difficulty
with novel designs is the more limited experience
base, making it challenging to demonstrate and
approve their safety case based on more efficient
passive safety features, fewer and less severe
failure modes and reduced off—site emergency
planning zones (EPZs). In addition, changes to the
fuel and/or coolant will translate into greater
deviations from previous regulatory paradigms and
may require more flexible licensing approaches, as
well as the development of a considerable amount

of new expertise within nuclear safety regulatory
organisations.) (OECD/NEA 2021 [1] P.10)
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BBIRVDEBERBIZOENRYSAERILK BEER~OEE, RIRO=HICIE. Efi
DA BETE (At the same time, the smaller L-EE& M IAE (The smaller size of SMRs

size and the prediction of shorter delivery would imply that they will not benefit from
times could reduce upfront investment economies of scale.
needs for SMRs compared to larger In order to overcome this economic

reactors. The result is a lower financial risk  challenge, “series construction” will become
for potential customers and investors, which an imperative.) (OECD/NEA 2021 [1] P.9)
could make SMRs a more affordable

option.)

(OECD/NEA 2021 [1] P.9)
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SMROZEFHI S EMEDFMTIL., TIHORBBELRID,
SMR NEfMMZE#HERED KEBEEEFXTHESH
=356 . BENRMEIZIEEICKELSARESE, (When
assessing the economic rationale of SMRs, market
issues become central. On the one hand, if SMRs are
manufactured in a mass production fashion similar to

commercial aircrafts, the economic benefits could be
significant.) (OECD/NEA 2021 [1] P.10)

SMROVRI TELENRBOATEI. 73—
H—EXR. FENFIAZEFEMLICHFSLES,
The flexibility capabilities of SMRs (both enhanced load—
following and non—electric

applications), as well as their ability to provide ancillary
services to the grid (frequency, inertia, reactive
capacity, etc.) could also present some benefits from

the perspective of system cost optimisation.
(OECD/NEA 2021 [1] P.25)

BH—REHHANIHERTDZ
FERICd 55 a—/LETHBEA Y
2 (This would require, however,
that the market for a single design be
relatively large, which thus highlights
the need for a global market and also
suggests that only a small subset of
the many designs under development
may ultimately be able to establish
such a global market.) (OECD/NEA
2021 [1] P.10)
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Figure 8.6: SMR economic drivers that help compensate diseconomies of scale
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SAMSOFrDREREZHRELEER

BT DEAFEZEIRHE . (Collaboration
in the field of R&D will also be

essential. By establishing agreements
with research organisations and
universities, the SMR supply chain will
ensure the availability of a skilled
workforce and R&D infrastructure. This
collaboration will also help accelerate
the deployment of promising new
technologies, such as advanced and

additive manufacturing and other digital
applications.) (OECD/NEA 2021 [1]
P.45)

BT R[S T 51 F— ]

SMRTAY VD READ=HICIE, EEIAVR—RY
FOEERRBY/ S—FF— YT HRF AR, (Strategic
partnerships for key components will thus be essential
in order to share the risks associated with the first
SMR projects and accelerate their deployment.)

SMROTIHEEICIX. THEBROBELBEELHRS
ZRETHIREICERASNS, Y TIS5( F—BH
BRRICIX. EECHEICESERLEROONST
BETE, (After the delivery of several modules, the SMR
supply chain may evolve towards more consolidation
(i.e. fewer suppliers) in order to take advantage of the
economies of scale, similar to the aircraft sector.
These projections will, however, be conditional on the
evolution of the market perspectives and
harmonisation trends driving competition. Future
supply chain management strategies may also seek
efficiency gains through higher integration.)

(OECD/NEA 2021 [1] P.45)
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KRB RFIFERZRICHIBHERICE>THRIANEGS
D EE5, A S LU HIE D ERRIHE .
(Building opportunities for local and regional job
creation such that SMRs are as attractive to local

communities as large reactors will also be crucial.)
(OECD/NEA 2021 [1] P.46)

D DBEHERLIEAS AR M) RNDESE VD ZEIRY
REFEICEY . ERERKEDERMACEPZD i
INDRIEEMESY . (The benefits of smaller
inventories combined with very high passive safety
characteristics may lead to reduced shielding
requirements and reduced offsite emergency
planning zones (EPZ). With several SMR designs

reaching maturity, opportunities to further reduce
EPZs may arise.) (OECD/NEA 2021 [1] P.29)

BLREHEERLLT, IRILX—FE MRS
AN EEEHY,

(Such benefits could mean that some SMRs may be
located closer to where energy is needed. )

(OECD/NEA 2021 [1] P.19)

BEDREMNEENIE/RATETHIE
SIX., BREE(L. EPZ DHIFSENKARELT
2 BEZTHEL. EBLWLARILTARDIE
HE/OCEITOLNBIEETEITARE,
(If the inherent safety of SMR concepts is
to be considered reasonably achievable,
designers should be able to demonstrate that
reduced EPZs and/or a reduced number of
on—site certified staff would still meet safety
targets and would result in high levels of
public confidence.) (OECD/NEA 2021 [1]
P.30)
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—EDSMRIZ, U235D B HEEH5~20% 0D
ER#EVS(HALEV)DEA%ERE ., CD5
BRBYAMIILOBEFOHLVLEAREISIDE,
[t R THALEUNMERSh 156 . R
YIS Fz—V ERBH (VI EHEADE
E4XMTHAE, T FI-LEHRHBELS
WHE  (SMRs may also require adjustments
or new developments for the fuel cycle. For
instance, some SMR vendors have proposed
the use of high—assay low—enriched uranium
(HALEU) in their designs. HALEU has
enrichment levels between 5% and 19%. The
impact of using HALEU in the global nuclear
fuel supply chain and in the entire fuel cycle
may need to be further assessed. Similarly,
for countries pursuing a closed nuclear fuel
cycle, the ability to use mixed oxide (MOX)
fuel may also be an important attribute for
some SMR designs.) (OECD/NEA 2021 [1]
P.45)
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SMR (X, 1 EPZBITLUS<HEREEFTMOEE
BEREEBETHS 'L ¥Te, BLU *SeD & ZEH
WHEFLELY, (SMRs will not reduce the generation
of geochemically mobile 29, ¥¥T¢, and 7°Se fission
products, which are important dose contributors for
most repository designs.)

SMRO fE FAFRFIZIE., EBNEREOREIAM
BENEENS-O. ITRE IV L5 HARE P DR
REFEI IDLELHD.

(In addition, SMR spent fuel will contain relatively
high concentrations of fissile nuclides, which will
demand novel approaches to evaluating criticality
during storage and disposal.)

SMRO EEYFETIE., FLOHHEFRNOEE
FEHET A LD E, BERENOERLLS
EWSREERZIET S,

(Since waste stream properties are influenced by
neutron leakage, a basic physical process that is
enhanced in small reactor cores, SMRs will
exacerbate the challenges of nuclear waste
management and disposal.)

H#: Lindsay M. Kralla, , Allison M. Macfarlaneb , and Rodney C. Ewinga [Nuclear waste from small modular reactors|
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