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Overview of projects related to ATF in Japan

« Two projects for basic study and development of SiC composite
supported by MEXT (2012 — 2016)

« Three projects for development of ATF (SIiC composite, stainless
steel, pebble bed fuel) supported by METI (2012 — 2018)

« One project for alloy development and feasibility study of FeCr and
FeCrAl ODS ferritic steel as MEXT projects (2013 — 2016)

 New METI project for “advanced fuel components” including ATF
components since 2016 which covers development and proof of
Industrial technologies together with consideration of technology
readiness levels for practical use in existing LWRs



Objective of the project

To establish technical basis for practical use of
“advanced fuel components” including accident-tolerant
fuel components in existing LWRS

Technical basis:
* Consideration of TRL for LWR use
« Consideration of attribute guide
* Development and conductance of R&D plan



@ What has been done (Outline of FY 2015) @

1. Evaluation of influence of practical use of accident-tolerant fuel
components in existing LWRs

— -Investigation of current development status of candidate materials —

-Review of Technology Readiness Level (TRL) and clarification of
technical subjects towards practical use

— - Consideration of TRL from design to waste disposal

- Evaluation of influence of implementation by codes for industrial use
* Influence on core and plant behavior

Influence on safety evaluation method such as SA analysis

Influence on fuel design and behavior —

Influence on quality management and standards

Influence on transport and storage

- Acquisition of materials data necessary for evaluation

— - Clarification of subjects towards practical use (irradiation tests, fuel
design, behavior analysis, consideration of fabrication in commercial
scale) and preparation of subject map

—

2. Prioritization of candidate materials and draft research plan —
3. Preparation of experiments to obtain data for design ATF assembly



@ How to progress with project

Particularity of LWR fuel rod
* OD: ~10 mm, Length: ~4m, cladding thickness: <1 mm
» Designed considering environment (operation to accident)
 Fabricated with “reactor-grade” specification under severe quality control
« Continuously improved and technologies accumulated for over 60 years
 Design through waste disposal controlled by strict standards and criteria

.

It is necessary and reasonable
to utilize experience, intelligence, and analytical tools for fuel
design, fabrication, practical use, safety evaluation and
materials development
which have been accumulated in fuel venders, plant supplier,
research institutes and universities.
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(@) Main candidate materials for ATF components
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@Y Evaluation of influence of implementation and @
examination of subjects and data gaps

 Preliminary evaluation of influence of implementation by codes and
methods for industrial use, including sensitivity analyses

 Influence on core and plant behavior
 Influence on safety evaluation method such as SA analysis
* Influence on fuel design and behavior
 Influence on quality management and standards
 Influence on transport and storage
 As a result, subjects and data gaps for modelling and predicting the

ATF behavior under normal operation and accident conditions,
designing the ATF fuel and components, etc. were indicated.



(@) Consideration of TRL to develop ATF components
and evaluate development stage for LWR use

» To develop ATF components which can be practically used in LWRS, it is
necessary to evaluate the influence of use of the candidates in terms of
reactor core design, thermo-hydraulic characteristics, safety evaluation,
standards and criteria, storage, transport, reprocessing, waste disposal
and treatment in addition to fuel design and fabrication technologies.
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(@) General definition of TRL for practical use of €,
" ATF components

General definition for practical use of accident tolerant fuel materials
Commercial use in the power plant

TRL

(w) o
Operation . . .
2 P . - of the accident tolerant fuel material selected as the practical technology
o of practical 9 . . .
[5) - as the technology development defined by the attribute guide
© system . . . o
3 - under finally-determined commercial-use conditions
,3,. 3 Proof of finally-determined commercial-use conditions
o (Final confirmation of irradiation of Lead Use Assembly (LUA), plant operation, safety analysis, and standards and criteria)
) Design completion of products for practical use
s Verification Validity verification of design as the practical technology (Completion of:
b= of practical —  full-scale production of commercial fuel bundle with accident tolerant fuel materials,
Q q 0_.nQ g g
Q system 7 |= irradiation of prototype fuel bundle (LTA: Lead Test Assembly) in commercial reactors,
S - plant operation under commercial reactors conditions,
c - safety evaluation,
® - and establishment of standards and criteria)
Final selection of candidate technology for practical use
Proof of - Performance verification as industrial technology by production test of proto-type fuel bundle with accident tolerant fuel
industrial 6 materials, performance verification of fuel materials (irradiation under simulated commercial reactor conditions), etc.
§ technolo - Establishment of standards and criteria which enable synthetic technologies including design of proto-type fuel bundle
=3 &Y with accident tolerant fuel materials, core design, plant operation, method of safety evaluation, and
co_:o transport/storage/waste treatment/disposal
";','- Establishment and verification of production and design technologies for accident tolerant fuel components (by conducting
% production of proto-type fuel components, irradiation of Lead Test Rod (LTR) in commercial reactors, and test of production
g 5 units for industrial scale).
S Develop- - Establishment of guideline for standards and criteria, consideration of core design, plant operation and safety evaluation
a ment as method, and establishment of elemental technologies for transport, storage, waste treatment and disposal.
o
8 industrial Establishment of design parameter for proto-type ATF components
© technology - Verification of performance in elemental process of fuel fabrication based on practicable technology in industrial scale

4 - Consideration of solution of subjects for the standards and criteria, for the current technologies on core design, plant
operation and safety evaluation method, and for current technologies on transport, storage, waste treatment and
disposal.




@32 General definition of TRL for practical use of
ATF components

General definition for practical use of accident tolerant fuel materials
Clarification of subjects and targets of development in industrializing of technologies
- Proof of achievable range (upper limit) of practical use (by out-of-pile tests, material irradiation tests,

Proof test fabrication, etc.)
of Proof of 3 Estimation of influence of introduction of ATF components on important subjects (estimation of
it feasibility showstopper candidates) and consideration of solution, concerning the current standards and criteria,
pal core design, plant operation, safety evaluation method, and transport, storage, waste treatment and
disposal.
- Primary selection of candidate technology for practical use
Clarification of achievable range and applicable range of technologies by database preparation, test fabrication
Proposal 5 of fuel, various preliminary analysis with current method, and investigation of technical option, etc.
and Consideration of influence on current standards and criteria, transport, storage, waste treatment and disposal.
investiga- Confirmation of non-existence of crucial showstopper
tion of
elements

Proposal of candidate concept of new fuel components based on investigation of fundamental principal
Indication of principally achievable range based on clarification of attribute guido




(@) Specific definition of TRL and evaluation of development for
four candidate materials assuming use in PWRs and BWRs

- T BEHAH ]
3 =
| ™ ‘ IR GER. 810 ‘ fer i ‘ R PORIE B ‘ o ‘ e ne ‘ Bt ‘ iR, 20t ‘
BEHAH
pmen TR Wi SRER 5 N
9 l (xRS (0BA BDBA. S fiions % | BN, TOk
FHAT | RTg B BE | el -
| B ]
° s TRL Wi REEE R2MHE ’
(TrmiNE) (0BA BDBA. SA) i R ik B0, 20k
| mz AT
B " .
TR 5 SREE . RLATHE 2 i .
Ef £ e ¥eiiainie RO B (oo s A - 25 [ -5, 2ot
R e = AT | BE T REHT TR [ RPHGE E = [BEEAT s
s hBiE. (SHR0ER) aiE. (2H0ER) ThacE, 3
Ed - BE. (RIFLER BE. (RIFLER EBENTIBCE
EE B REAAAEHOBEATRTHE.
#RoT
7 EFUR
B MR ER & LD i 1= T TWBIE 2 TLTWAS (: ! ! 3
u R (BHOBARWILR) REES 1 TORBHMAHTENEE, T T AR AT . BRUETRERIRIER, MEEOCER | RI7oh REFrROOERRBERLUFBRT
| e |EFCBLTSORBES LA BRI O0K EEEhTLACE,
] 7 TSI BAFRE R CORRAREES
T (=@ =
2o B
ETY| EROT
8 T EFYR
7 B P&, i & 7 # -BRENTLS [-RT5 E T 788! B TLTLAIE, W RS RT L (TOMAT) p B, MEShTL [ RISVFORE
FLORSMEHRIEENEZE) CINRT— L MEEHLHIEShEIE, = = CBLE S ORSIEFEF ORI ERA
. 20| su [FEPIBUTSCHESSEITA AHER ORT ISR HEET R OB BREATIET RIS (B, BENNS) EALRSERE
— frie8 s FSSBA RN, FURRORHORSEANRIES . BTHB, HARRS) KRN, Wik FRE
o = \
x| 5
[
BEES LIEEBIR) [<HLTSICREERUSICIE TA) HBEENBTL, 7 i AR EL TLWBIE, <ROEEHILTL =
6 SHHTORA 5 . . AR - AT - TOrSATREERL: FTROBBARIESh TS Mﬂﬁﬁ &iﬂ‘H‘LL(L‘b & >7-ﬁ<\ﬂ1"/7\-’rkﬂ)§ﬁ
@hEES N BHCHELT—SHRGE 3 Emﬁvfﬁﬁ(¥ﬁéhtt\ékka &
— EE |nace, - LOCARSEEUA(BAI R ) EN R N
s ‘SORMFRHA—FARESRATL, - ARSI RATR) B (N ———
=8 - SARBESUER (FORSA TR
s EROT
4 (s
“ERPEAILBT 50N 5 JRHE (TR ORI, |-Jar5 IR (TR AEEENaE BRRBI S ORET TETE. T GEBRBI-LY. SAHOSOR |- A AF5 (- ORE FRERCORT AN AENE
= . i INFA B HOFBHBEENBLEL, TFAIEN. SAFE R FaRn .z
| A—FOHRATHITL 3 U, SAR B S0 FRTESL AT LAORIHAAESRETHD -2
Lt s | © . CBELT—sHBEE -
x| °
EE
N EROT
(a2
— 5 N F =T RS DRE R T A7 LORNEUTOREEORBID | TERECHTTEAREH
20l = A 783 TR (T o ey PR O] N Bz
3 ETY| T mEEN T -RREHEEEONERHNEISNITL, #ﬂ(?ﬂ#‘iﬂﬁﬁl—l‘ﬂ)&ﬂ tEF—snmBEhTIBIE, & (BIR03136, BIMIRIRIE . RIS ILH) “RT—LT v T LORRRBOTIR
4 tgnmmmrm EV &U TOMSATIEH(LTR) O |- S0 T GBS RIS DL, 447 TB: . & &
EE gt (L TENBE R Js;mvmnm—awwmwm—wms shTuwaie,
- 4 ﬂﬁﬁ“ﬁﬂ)m% AT TVSIE, Eh
w0
EF
el EROT
[
() BRI <o~ L RORI= 5. BRRGRA ) WBTE, [0 FORETS & BT @ RHEREOBHIT TGRARER [SCER ' R [ RS T — ERRBEURT7X|
FS AN TLNBCL, HENTIS = - 5 i3k, ShoORBRADLOOHTAS (%5 |7
1 3 |(b) BRI OFARBI= LY BRIERETBI-BE =&, |(6) R FtE - T (b} Lwac ) A8, (b\ - Mﬁ)ﬁﬂlkﬁﬁﬂ)ﬁi
- Y}MN‘H F—SHMBENTLY (c) PREEMT (FEDTEADMI. BEEE) ISR nVAén(L'égk & (a/ﬁﬁ ﬁxi&i 0);3‘:15 BB ER
— = PSS ENFEY - VWBTE, (0) Bk WBZE(K () B it o1
mEE H?ﬁﬁé!?h(t‘ (@) RAMLI<@H-REL @HEN TSI, }’FWHHH) & ’c, ﬂS EHER () 7O il
s =8 Mwsu«mwwnmsmn RAHLOTE (0 Loonmsm s T TR ;*.iammmxmsi (o R R R
e nThace (o Taens
el ¢ (o BRI A AR T B2 <=\smuamw7:ms§>w T (0 it X OISR HHE
| 3
2
1T | (@ e Cie1z8izs] @ e @ e @ E
o ) Rfch [27] (&) Rk [41536] ) R (&) e
£7 § (o Xt ol (o) 3 (2511321 (o) s (o) st
BROT |(g) 5 (@) Rifich (@) Rifich
LE:E3 w2l ETY2 (e >;m= () gt
s ® T
1 () . -SH R [(2) jéh(t‘bhta (@) BATARATI—FI=. &{mﬂbﬁﬁ EED () BT &R ERAE |(2) B £ SBEE |(2) SICEAL E i#, PEHOR  |(2) - WHTO—L— ML ET R/ G RFHIE
2 EhTLVBIE, |(b) 1= (A%:3 ENTLBIE DILE SEADEEHHEEINTLEIL, |(b) RUFR I —LAEHEEER
max P o RSB, AHEHAORERESRS [ g SR, RHIE LR H A (0 F Rt —somA-BR | 58 R oir o $ 5 (b) b 7o = DR EHREEN TS, (©) HEERERAD TR/ SA—SORIHE
= | shThse. i TsE pEEhTLECE (o) BEAB SRR TOR T A sncs | (@ A T2 0RE
s (© AT OREAEEEATINEEE, () A 72 O EARIEE R TLSTE
1 o =8 (d) T TR ——
72 2
&7 SO ————
— B (0 A T2 OREHREENTLNGE
] (7 BIBIT0NT 11831 OEZATE0] % 75120] O ZaeE R
ko) ) i85 [13]21130) () s [151(24] ) 5 [16]117) ) i ) Rt
e )3t [011] ) Rt (8] ) %8 [12] ) it (14126
2l 2ROT (&) Eich
E7vR (e) Efiseh (7]
1 T () e
—| ) < = @ XHLEa— FEATDT (& KR Ea— BEIR WE [ KRBT @ XHLEa—
. = lEEpEREn TS Rt @S TR TLBCE, tLace, [nTnace, () BT ODBAR S FECARIMERBIMTBREL [TLBTE, () Fn X EEOER
250 S 5 7 75 2 b 6) BREEOs57U 7T ©) BHTOER DS
e " Watk. wasE, Lace hciace (c) BB ROtk () MEBEO A EIEEN TLBTE, @ B iREE o> itk
1 ' () BBERBOM A REBENTLBIE () BREBRBORM LA REESh TLBIE
I BEZI0] REZTID] BEZINE) BEZI ) 3E A (12 e) AR [33] o) @Et
20 EROT (6 EAL 23] ) 325 (18] () 25 [1)013]120] ) 25 [1)019] ) (b)) BFAIRI= KT D=7 Y s () i
€7 €70 ()32t [1019] ) 2R 1] (o) i () fagten
() HRE




T @
@ Current TRL of four candidate materials

1. Modified stainless steel including ODS-FeCrAl
« Mostly TRL-3 has been achieved or will be achieved in a short period, in terms of
fuel design, fabrication, evaluation of influence of use in LWRs

* The final target of achievable technologies in the practical stage is clearly
indicated.
2. SIC/SIC composite

» Mostly TRL-2 has been achieved, namely R&D in TRL-3 are on progress, in terms
of fuel design, fabrication, evaluation of influence of use in LWRs.

« Survey of “Showstopper” candidates and solution are most important subjects.

3. LWR use of TRISO fuel
« Mostly TRL-2 has been achieved, in terms of fuel design, fabrication, evaluation of
influence of use in LWRs.

» TRISO fuel has been developed as HTGR fuel, therefore, subjects for development
are hardly seen in some technical areas.

4. ATCR

* Mostly TRL-2 has been achieved, in terms of fuel design, fabrication, evaluation of
influence of use in LWRs.

» Steps for technological demonstration may be streamlined if the current cladding
material for CR is available.



Development of attribute guide

Creation of original attribute
guide for the development and
performance regimes.
Refinement of assessment
levels “Color code” depending
on materials.
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@) Determination of short-term and long-term R&D strategy

Based on the results from TRL consideration and attribute
guide, remaining R&D subjects were extracted.

In addition, short-term and long-term R&D strategies were
determined and R&D plan was drafted.

Details will be presented at Top Fuel 2016.
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@) Extracts from determined long-term R&D strategy

« Modified stainless steel including ODS-FeCrAl

- Select advanced alloy with highest performance, developed based
on ODS steel, and aim at achieving TRL-4

- According to R&D plan, obtain basic data and detailed analysis for
fuel design, and proceed technology development of fabrication and
guality management and consider standards and criteria

- Attempt to accumulate data by material irradiation test and survey
showstopper. Accumulate data for designing prototype fuel if
decisive showstopper cannot be found

« SIC/SIC composite
- Consider solution of showstopper and aim at achieving TRL-3

- Prioritize necessary R&D to clarify the upper limit of final target,
iIncluding R&D for fuel design, important element technology for
fabrication, and quantitative evaluation of effect of implementation
for various accident conditions

- Make a judgement about existence of showstopper from results of
short and mid-term tests and analyses (Hold point). If showstopper
IS not found, continue R&D to accumulate data for designing
prototype fuel.



@) Extracts from determined long-term R&D strategy

* TRISO fuel

- Reasonable to proceed fundamental R&D as optional technology of
SIC/SIC composite. Steady R&D of basic level is recommended for
data for fuel design, fabrication and quality management, standards
and criteria.

« ATCR

- Reasonable to proceed fundamental R&D as promising optional
technology of ODS-FeCrAl and SiC/SiC composite.

- To taking advantage of the implementation effects especially on
reduction of re-criticality risk and earlier implement into existing
LWR for improvement of safety, should aim at achieving TRL-3.



@y Summary @

To establish technical basis for practical use of “advanced fuel components”
Including accident-tolerant fuel components in existing LWRS,

* Investigations were made about the status of research and development.

 Preliminary evaluation of influence of implementation on core and plant
behavior, safety evaluation method such as SA analysis, fuel design and
behavior, etc. by codes including fuel design codes for industrial use. As a
result, analytical subjects and data gaps were indicated.

 Specific definition of TRL was made and development for four candidate
materials assuming uses in PWRs and BWRs was evaluated using the TRL,
In terms of reactor core design, thermo-hydraulic characteristics, safety
evaluation, standards and criteria, storage, transport, reprocessing, waste
disposal and treatment in addition to fuel design and fabrication technologies.

 Original attribute guide for the development and performance regimes was
created and assessment levels “Color code” depending on materials were
refined.

« Based on the above investigations, short-tem and long-term R&D plans were
made for the candidate ATF components.

According to the drafted plan, we conducts R&D including fundamental
examinations, analytical studies on implement effects, computer code modification
and material irradiations at a research reactor.




