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= 1. Introduction+

Unlike the current licht water reactors. Sisee—athe supercritical water-cooled reactor

(SCWE) can attain high thermal efficiency by raising its core outlet temperature, because the coolant

is single phase and thewhichutils

waterascoolant s

|--".‘ = ment f TP A N |

(Kamm etal, 2006[: Most thermal spectrum SCWER
concepts are being developed with target core outlet temperature of around 500 C (IAEA_ 2014).
Moreover, because the density of the supercritical light water becomes se=-small and neutron
+critical temperature,
itisthonghtthata fast spectrum reactor concept (Super FER) whichutilizes the b
ipessibledn-has been studied by utilizing hexagonal tisht lattice fuel assemblies (TLFAs)the same

b makine tha core putlet

moderation by the coolant is less significant abovebsy Line the pseudo=

Hron-Spectrim

o e = (Yog. 2006). However, almost all ooncepts are high conversion / low
breeding reactors, because of inevitable neutron moderation by the : e

swatescoolant (IAEA, 2014) (Liv et al., 2010) (Yoo et al., 2006). «
Therafore—intThe preceding study addressed possibility of designing a high breeding core -—
cooled by supercritical light water (Super FBE) by utilizing tightly packed fuel assembly (TPFA)

concept, theconeeptthatin which —fuel rods were arranged in hexagonal tight lattice without any gaps

between each other (i.e., fuel rods were in contact with each other) touch The minimal space between
the contacting fuel rodsCeelantchannels were mwtaally. was used as the coolant channel to esbyfews
in-the space-of them —and thus_the breeding perf was-improved-by-the-decreasinge of the
moderator to fuel satio-efthe volume ratio efmeoderator to-oneof fae (Y m/ VL) was inedto around
PO (Oka et al, 2013). Furthermore, the core inlet temperature was raised to aroundalmest sameas the
pseudo—supescritical temperature (385 C) to minimize neutron moderation and masy Among [ fuel
assemblies, YY assemblies were blanket assemblies| in which mixed oxide (MOX) fuel rods were
replaced with depleted uranium fuel arentilized to improve-attain high the breeding-performance in
the preceding stady As the resultBythese methods. hich breeding performance was shown and the
Compound System Doubling Time (CSDT), which indicateds the period to double the fissile
plutonium (Puf) inventory, becesseswas evaluated fo be about 38 years (Someya et al., 2016).+

However. theenthalov rise of the precedinsiathis core desion wais small since the inlet
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* 4. Core design+
4.1. Investigations on the Tupper core fuel shuffling-end batch-nuwmber with (P/D=1. 1003+
With the design criteria, boundarv conditions,_ and parameters described in Chapter 2. The
frststepis-to-cheek-the influence of the upper core fiel batch-sumberand shuffling on the core
characteristics 1s investicated for whenthefuel lattice with P/D ofis 1.100. In#his<eoreFor the

vestigation, the lower core fuel shuffling scheme 1s fixed{Fis-3) withhese batch number ofis 3.1 vamaji
bateh is fixed A shown in Fig. 3, an out-in fuel replacement (i.c., fresh fuels are foaded around the i EAELRE: T4 0F D EF 2L
core periphery and gradually replaced towards the center of the core) is adopted for the lower core,
which 15 favorable from the viewpoint of enhancing neutron leakase under voided conditions and The
teveattaining negative void reactivity. + vamaji
de—Table 4 shows basic ——I E|IWEE: T F o BENODIT ¢ 1408 o
characteristics of the designed core with the upper core fuel batch number of 1-4adieatesthe output (
and 7.4. For, both core designs, due to the small active core height of 1.45 m_the core pressure loss is
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The maximum reduction in CSDT andlsewtinshuffline. RDT was by aboutasd CEDT
decreased 26% relative to the corresponding values with the one batch refueling in the upper core,
when the out-in 6.5 batch fuel shuffline scheme was adaptedat—th&nmamam Hewaver the excore

eixIn the meantime, EF was slightly

reduced by about 1.3%_Hence, sensitivity of the upper core fiel batch number or fuel shuffling scheme
onl EF is low. The best breeding performance with respect to CSDT may be attained by changing the

upper core fiuel batch number with considerations of increasing the -+

—
n
t

vamaj i

I TE NS IERTLE T R (8
IESELTHECHIETEL T T

il saturation PidEefalo SEHEEH, I
IEmifiE TRfrd s ] BERETE I RiCE
Fofidid 4. C8DT and RDT reach the
minimum T I BTt +

BRI A o T 2380 AR L
FEHETREE b S T
20 7. batch B By flux B8 ER
LT 4 haoomia s BignitEiEiaeiT s
s T d . Eleo it BERaoL DT
T,
FANCET O H s L EEGE
T+



Vavaw
T

2o

6f5 (M1D4 815

—

o XITAUIBADEICIZTERL L T B A TL =D,
ZAZATd—=ILIZiEW, 77 70EHH L -
N Fzy 7 LT any)izdhl) T8 A,

ALHGR[EW!m]|

- w-- 1.0baich
----- & -7 dbatchiin-out)
—i&— 7 dbatch{out-in)

Figure 4. AThe axial power distribution i esehwith different batch and shuffling at

kWi |

BOECK

- T 4batchiin-out)
—i— 7 4batch(outin)

vamaj i

HE o ERE Bch, A2V YL
SR T (X BT AU
T EOTEE) FITHOEFET 4 b3
At L REGERR, Origin OEL%
OEFEEVTIAE, Orginfi4 w2 b=
R PCREL { ERERSIE S
s i T JPGEHNER v AL L TIRY
FREHFREE, tha0ad s Mo b
Te D Wk gt el SF 25T o B

vamaj i

X Elpd Bt v X Sfon ERE 2T AEET. TERE ¥
B. BEYL 14 FFLI0A 2 N, DTl
. YéhdEEe. «



paoa

H7tm (M1D4
ST o |
mafFL CiERLET !

22

Cover Letter

Dear Editor,

I would like to submit the manuscript of “Flexible Core Design of Super FER with Multi-Axial

Fuel Shuffling”. which includes 3 sections and 10 figures and 4 tables.

This manuscript has not been submitted to any other journals or published, and the co-authors agres

for the publication.

Thank vou very much for your sincere attention.

With all the best regards,

Cooperative Major in Nuclear Energy, Graduate School of Advanced Science and Engineering,

Waseda University, 3-4-1. Okubo, Shinjyuku-ku, Tokyo 169-8555, Japan
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Muclear Engingering and Design
Reviewers’ comments:

Reviewer #1: In this manuscript, a new Super FER design with multi-axial fuel shuffling is introduced and investigated. This work is guite enlightening for
the researchers on associated work. the reviewer Recommeands its acceptance after modification. The detail comments are listed as follows

1. In highlight part and conclusion part, the sentence, proposed with “with multi-axal fuel shufling”, may be wrongly typed with double with.

2. In paragraph 4.2, it's declarad that the minimum CS0T of 114 years was obtained when the upper core hlanket fusl batch numberwas 5.4,
Howewver, when batch numberis 65, the CEDT i to be at a minimum according to Fig8. Please check it

3. In table 1, two optional value of thermal power are presentad, however, only one design concept is mentioned and detailed. Please explain or
correct it
4. Though the heat transfer model is described in thermal-hvdraulic calculation part, the cladding surface tempermture distribution is ignored.

Fecommend to illustrate cladding surface temperature.

3. All the abbraviation should he listed in the nomenclature part.

G. Generally, paragraph 4 presenting the parametric sensitivity analysis on the core designs is seemed 1o be confusing to the readers. The design
with gap side of 1.0mm, where P/D = 1100, shows a poor hreeding performance, because its simulational CDST is much larger than 80 years. So, in

paragraph 4.1, the detailed investigation on the batch number and shuffling scheme based on this design may be not necessary. On the contrary, the
design with P/D = 1.085 shows more promising bresding performance, however, its simulational results are inadeguate. The omder and the content in

paragraph 4 should be rearmranged.

Feviewer #2: This paper investigates supercritical—water-cocled reactor design for plutonium breeding. This is achieved with multi-a:dal fuel shuffling
strategy. The ides of multi-axial shuffling and its application on super—critical water reactor is quite orginal. The reviewsr ragrets the paper does not
give any indication on the technical feasibility on doing such axial shuffling strategy. The reviewsr recommends 1o accept the paper after minor
modifications to improve the text

- The paper is made difficult to read dus to the systematic use of not so common abbraviations like CSDT, RDT, EF, MCST, Puf, TFLA, TFPA-
Those are not all properly defined throughout the text and in the “MNomenclature™ section. The reviewer appreciates the thorough definttion of the
metrics used through equations 2—-8, but recommends to avoid using abbreviations in the text that could be easily replaced by plain tesxt.

- The reviewer does not think the paper properly justifies how this axial shuffling strategy (on which is based the paper) makes such a difference in
the improved performance ohserved. This was demonstratad numencally, but could also be explained theoretically by the higher neutron spectrum in the
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Reviewer #1: In this manuscript, a new Super FBR design with multi-axial fuel shuffling

is introduced and investigated. This work is quite enlightening for the researchers on
associated work. the reviewer Recommends its acceptance after modification. The
detail comments are listed as follows.+
1. In highlight part and conclusion part, the sentence, proposed with "with multi-
axial fuel shuffling”, may be wrongly typed with double with.«

—| have deleted the duplicated ‘with’ in each parts.«
o
2. In paragraph 4.2, it's declared that the minimum CSDT of 114 years was
obtained when the upper core blanket fuel batch number was 5.4. However, when
batch number is 6.5, the CSDT is to be at a minimum according to Fig.8. Please check
e WEEE e

[—Thank you for your comments. The Figure of “Influence by the upper batch number Eur, AEEoib R0 oRHL T EE e,

(CSDT, RDT) (P/D=1.055)" is not correct. Although the number of the significant digits of

CSDT in this section is 3, CSDT in the figure included the fourth digit. CSDT in 5.4 and 6.5

upper batch are same (114 years) in the correct significant digits: 3 digits. | modified that

figure. -
o
3. In table 1, two optional value of thermal power are presented, however, only one design
concept is mentioned and detailed. Please explain or correct it~

- Thank you for your comments. With consideration of your comment #&, Table 1 has

been revised to show only one set of design boundary conditions and parameters,

corresponding to the design with P/D=1.055 (the other set, corresponding to the design

with P/D=1.10 has been deleted and the influence of P/D is considered as sensitivity study

case in Chapter 4).+
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Reviewer #1: In this manuscript, a new Super FBR design with multi-axial fuel shuffling

is introduced and investigated. This work is quite enlightening for the researchers on
associated work. the reviewer Recommends its acceptance after modification. The
detail comments are listed as follows.+’
1. In highlight part and conclusion part, the sentence, proposed with "with multi-
axial fuel shuffling”, may be wrongly typed with double with.+

—I| have deleted the duplicated ‘with’ in each pars .+
o
2, In paragraph 4.2, it's declared that the minimum CSDT of 114 years was
obtained when the upper core blanket fuel batch number was 5.4. However, when
batch number is 6.5, the CSDT is to be at a minimum according to Fig.8. Please check
it

—Thank you for your comments. Epemm-\qewpem-of—the-ygnmeam-a@i&ei-@SDLme

g To-prevent

misunderstanding-the sentences in section 4.1 have beenwere revised like-as below.+
The maximum reductions in CSDT and RDT were found for the out-in fuel shuffling scheme
by about 13% when the upper blanket batch number was between 5.4 and 6.5 relative to the
corresponding values with the one batch refueling in the upper core.«

-

o
3. In table 1, two optional value of thermal power are presented, however, only one
design concept is mentioned and detailed. Please explain or correct it.+
-+ Thank you for your comments. With consideration of your comment #5, Table 1 has
been revised to show only one set of design boundary conditions and parameters,
corresponding to the design with P/D=1.055 (the other set, corresponding to the design
with P/D=1.10 has been deleted and the influence of P/D is considered as sensitivity study
case in Chapter 4).+
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