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We investigated three structural materials which may not contain a high level of boron or enriched boron, such as (1)Borated
stainless steel(B-Stainless Steel), (2) Composite material(three-layered clad plate composed of B-Stainless Steel/Cu/B-Stainless Steel
structure), and (3) Borated aluminum alloy. Applicability of these material for baskets was studied, several material tests were
conducuted, and the material data which was required for the standarization, etc. were obtained. Also, matters to be considerd were

descrived. As a result of above study, by using above 3 materials with cask baskets the designs of casks and cask baskets which
corresponded to high burnup and MOX spent fuels could be specifically indicated.

Keywords: Basket, Cask, Borated stainless steel, Clad material, Borated aluminum alloy, High burnup spent fuels, MOX

spent fuels
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Table 1 Specifications of high burnup and MOX spent fuels for study.

BREEEE(GWdNUY
PREL DTS PR WHER
(%, B&K)
s TR 4.7wt%™U 49.0,55.0 54
RIS N
BWR | 4.3 wi%**U 49.0, 55.0 548
0.2 wt%>U
PWR Ssm;Hf 43.0, 48.0 104
MOX #R%EH ogm;mu
. (]
BWR 40.0, 50.0 1
3.4 wt%Puf 0%

Table 2 Evaluation method and design criteria.

BEIER S MG EHE - B

1) REEFHE | KENO HEOBEREN | K7 — LR TORBERY TV EIC
aO— REFEHTS. | ke300 B 095 U T THDB L.

2) BREMERE | TRUMP S0OEEME | AR 7 v NNBOREGBESREEN
Wa— FEHERT | 390°CLUTIER-NELD L.
5. (PWR DH4) -

3) WEEETRE | B TEBEHCAR Y | MBEE (BREH) 289 mE TR

(RAT v M) | v MERETAHRE | AR 7y MEMICRET 35 H% EE
FRENET M= | B L.
— NzX9RD B,

4) JE#MERE | DOT.3.5, ANISN % | REER X ¥ A7 RE T 2mSv/h, Im
DERINT = — F& | OEBETOImSVh AT THBZ L.
Hna,

5) ¥ A7 D | KERWREEFMNE | 7 v— 2 KERVERC 125t BLF, £f

BEE-HE | T—-ADIL—2 | 25m, 2R 625SmUTFTTHBEI L
B CTHYD |WFTEET
HHL,

DT MR LR ERT.

22 ROVEHRTULRER

R EHRATVVABEARry e ER Ly R
DOBFHERGIE Table 31, 12, 27 v MEEOH % Figl
R, RevEBRF U LVASEARry NI TX 3
BEHE SR, BREGS L UERRICET A RET LD 12 RIZER
EEN, £z, BREOKE 72 MOX FERERECIIMREWE
Bex EiF 2729 —&IZ 30mm EORMEFERTILERD
IHIT, BREMELZMEIEINERDDZ LMD
KEXY O TERITDIENTERP SR, BERa>®
BASAR 7y MEEMOREMELZ2ET B S8 E
BREARY, REFEOHERNBTREL RoM, ZO4MH
TREE, SERERLICER - ~HEHRb®ZLE.

27,

23 ROVEEIBIFYFH

ReVBE3IBI 7y PRy bR LY R
7 OREHE R % Table 412, £, 32 7 v MEEDHI% Fig2
R, BRBEEERERIAAR Yy MNI3EI T o K

ROLEEZAFL VAR
\ 24y FHE 114mm @

Fig. 1 Example of basket strucuture made of Borated
stainless steel.
(For the dray storage of high burnup spent fuels)
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Table 3 Example of the cask design with Borated stainless steel basket.

HH

wtEE B-SUS

= HE B-SUS

ERAXY X7 1 FEAXYAJ I
xt& e (PWR) BRBEE VR EL | MOX fERFERE
RS (f) 12 12
REE GkWFrR7) 16.6 21.9
5 | M/ AE (mm) 2,208,/1,200 2,406,/1,238

x %j_ FRAJE (mm) 300 310

T B | R (mm) 100 170

7 | MEetEtE (at lmmSv/h) 0.097 0.0452
BHEE (ML, O 99.5 1153
T{;é{%ﬁi (%) oW + 13wt% | RAR T - 1L0wt%

s | & (mm) 20 30,20

7 | FATHERE (eff3o) 0.94473 0.92323

i BREHEERERE (C) 318 365
NRyy MAEE (MPa) * 260.6 260.6
ETROFERTS) (MPa) ** 51.0 51L.0LLF

MeRa 58827 VASIOBA L L, BREMICHRER
HBIDEATY 15Smm PDARX Y v TERITHENTE
7o, MOX R IREL R A A v M TR TCOBFRIC3 B

* SUS304 DEFEILS]
w4 T -+ RS

MOX HEEFEBREIDBEA T 12 kL Rotz. ZOEMETHREE
Rk, BB, BERERBLIVEER - TERRL®ET S
EBTED.

75y FHMEHERL, A¥r v 7 b—EUAE 40mm FelR

T&EF. K¥y v T el & TCREMICEBHEL
KRR Y OFRTTAL., INHTE DREESEIE, &
BICETARELY, BRAREEREREOSET 17 &,

24 AOVEEFILIZOLESR
R EB8TNVI=ZUARERAry MEEALEX Y
AT ORFHERL Table 51T, £, "R v MEEOF %

Table 4 Example of the cask design with Borated clad material basket.

HE

BWEMAZRr Y b

BEM AR v b

FREXY A1 FRXY A1
*t&EE (PWR) ERBEEE R ERE | MOX ERERE
I () 17 12
BEE kW/F ¥ R7) 23.6 21.9
x | B/ N (mm) 2,430,/1,470 2,360,71,280
x| & [ WRE (o 430 GERBAT) | 540 GERUEATS)
T B | e (o) 806 2J8 806 38
7 | HE#ERE (at Im,mSv/h) 0.078 0.083
RRER (RLEF, 1) 112 107
AT BREEE (wWi%) <JBRE (with) | RARAR Y « 1L.owt% | KRR+ 1.0wi%
20 (7/6,/7) BXW |30 (1071010
2 R (mm) 10mm @ B-SUS 20 E7//6/§ )
| FATHRBRE (kefft30) 0.943 0.944
‘{ REWBEESRE (C) 354 357
SRTy MASRE (MPa) * 545 545
HETROFREILT) (Mpa) ** 354 189

* RR VATV VARG OHOEBREE (FHRABMET —ZIcL D)

kR BEDE )+ — RN R &S
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Fig. 2 Example of basket strucuture made of Borated clad
material (B-Stainless Steel/Cu/B-Stainless Steel). (For the
dray storage of high burnup spent fuels)
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7o, EBIT, REAMERECBRAP LAY vy TR KEL
EDMERETRY, BREEICABRHE L ENbKEY
v FILEREEE A B REO%HE T 25mm, MOX ERER
BLOBE T 35mm NHEERE Ro 7. T DM TREEAM:,
MREMER L UMEERE L L.

25 F&H

PLE, 3REEHOBEMERAR 7y AT RISz
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Fig.3 Example of basket strucuture made of Borated

aluminum alloy. (For the dray storage of high burnup spent
fuels)
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Table 6 lIZARBR CRHWER T VEF AT L RO
BLUORR EHEARAT VU VABEBWEARS Y MFOE
HERT.
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R 100ppm BETH Y, ML R e O K53 < i
WIRT A F[(Fe » Cr)y,B]& L CTRHEFICOHATHT 5.
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Table 5 Example of the cask design with Borated aluminum alloy basket.

1 EfERE B-Al #PERE B-Al
2 FERXY A7 1 HERXY27 0
*t&REE (PWR) R AERE | MOX EAFRE
A (1) 17 7
ZEE KWXx A7) 23.6 12.8
x | B/ (mm) 2,396./1,430 2,186,/1,000
* %L AAP/E  (mm) 250 400
T | s () 160 170
7 | RS (at Im,mSv/h) 0.08 0.058
FawER (RER, o 115.3 115.6
A CRAEGOD BRI (o ) owe | OWORRRE - Lowe
(%)
| BWE (mm) 10 10
; FATRIEAREL (kefft3 0) 0.94473 0.92323
L | pemmsgmRE O 316 21
NRy MIRE (MPa) * 244 244
B TRRDREILT) (MPa) ** 164 164 LF

*RB T OREHERBE (FRRBHET —2I12X5)

i il

FOS, BEMIEERIIC, EHetcRE RBE
Z52z%. Table 7TWCHE LR u v ER/ AT VL AHDL
FHRERT. AMPHEERR TIX, EROERASKEES
R—T B DRERPD 500CETOEMBREET — 2%
B& L.
QRABRE R L OFHE

Figured IZ5[BRBABROEREFT. A n  EHMOBIER
EBIT0.2%MA, B Ch 5 SUSIL A& kT2 &
HWLTW3EH, 14wt%B SHM OFRMEXERET

460N/mm* Bi &, LIwt%B SAM DB L% 630N/mm* %K
EL FlESZ. BMUOELKRVOEEIRe EFREOEME L
WA LTz,

Ty NME—EHREBROMER, SUSL SMORINT RAAF
—EIIEIR T 250 B TH D, N EHHIX 10~20] ©
HY, EEOFLWHERHER SN, LML, EE SEM
BET5 LN RRENRONE. Z0ZEMD, EHE
BEOETIXEHFICHHE LRSS A ROERBLEZ LIS,

HITHRBROEE S Table 8 IR T. A r0ofMc Ly,

Table 6 Specification and requirements of Borated stainless steel.

i e B LS No. AnrEFR | HE (mm) #A X (mm)
MOX HAFHERE | LMt XAR a2 &~ A 1.14wt% 17 1,000 X 1,000
ey 42 EHRT VAR B 1.08 wt% 17 1,000 % 1,000
NAT Y M ISRy MAER _ 1.0 wt% 20 1,200 X 4,000
(R&EFRr V) =t BX)
BREEFERAER | 1awm%RXAE R 2 v C 1.42 wt¥% 17 1,000 X 1,000
phE=rE A EHAT VA D 1.43 wt% 17 1,000 %X 1,000
WAy MME SRRy NEE 1.3 wt% 1,200 X 4,000
- N s 20,30
(BHERz ) B, &K
Table 7 Chemical composition of Borated stainless steel (wt.%) .
b B C Si Mn P S Ni Cr
A 1.11 0.025 0.69 0.91 0.016 0.001 9.23 18.87
B 1.07 0.021 0.57 0.99 0.005 0.001 9.12 19.30
C 1.35 0.021 0.27 0.89 0.024 0.001 11.90 18.41
D 1.42 0.017 0.27 0.87 0.022 0.001 12.20 18.65
9.00 18.00
SUS304L <0.030 | <1.00 <200 | <0.045 | <0.030 | ;200 | 000
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Fig.4 Tensile stress(TS) and 0.2% proof stress(0.2% PS) of
Borated stainless steel.
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BEEIMEIE T kX 35N/mm B B &, Te oo TETF/HERET
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FEE O, I TR O SUSIVALMEEDL LT,
BERBRIZEEE L ISITRZOBENSE OIS, #ITFE
EHOETARD b,

T, BEROY ¥ E—FEERROWN= RN X —E

1, B A (LIW%B &8) T401 55, RHM C (L4wt%B

EH) T20J §ikE, ERMIVEVMEL kol BHER
DMBBE LT, BEE R KRIIRO LD
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RruvEAERT Vv VAR, £oRnrEFEOEMNC
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FEROBANLR2 VEFRIIDZRL L1 1.2w%LTHE
FLWEEBZLNA., EHIART VAR TIIEEMRED
HEXEBETHY, THIZULEEELHERLTEHBHRE
BMESOMEH R ANR Ty MEEORFETHOI Z &
BRETHB.

32 KOr&H IWI/5vEH3-5]
(HFEBRS M

RoLEE 3 B2 T v M, fHEFRIEECERLD
RuVEFAT / VABBE ORI EEEEICEN 8B %
BEL, 77y M LT EEd&icky, Xayv
CHRT LV AEOEEM & LT OME RO FIIN
EEPESLLEE, FESEORELBo72METH L.
Table 9 WARBR TRAWER L EEF 382 7 v FHOMLE
BIO3IBZ Ty NHEBAWEARY v VEEE2RT.
Q)RR R L OFHE

Figure5 IZBIRRABOBR LT T. 2EREDZ 7 v FiF
23 3B RARERIE, BRI 3 Eh RO ORE
F—EZhHRETH L, BEREUERRAMI LT
WAHRZ BN bhrotz.

Figure6 123 ¥ LV —BHBRABRORBRF IV E, v
NE—HEBRRBORBELRT. FBED D ORIV
F-DERRTVEEAT VUARL D LT R, &
RERZAF—-DORBRBERENIXIR N 2107, Fig 7T
R NE—ERRBROBEREERT. HEND ORI
ANEF—OEERE L EEAT Y VALY HEINT 5,

Table 8 Bending propaties of Borated stainless steel.

HE e IR 2R 3R 4R
3 SO (18mm) | (36mm) | (S0mm) { (70mm)
HERRE A ;1?% Oa |00 |00 |-
(mwmﬁﬁ)%% 2 00 fp -
s on | am |00 |00 |00 |-
(1L.1w%B &) %% oA 00 o0 -
HERFF 2 C ;?% 4 A 00 (0O
(14wt%B &) ;% N N o0 5
HER D jl;?] X A OO0 |00
(LAWYB 55) ;% y N oA 00

O :180° EcHiFAEE, A BTARK 180° ~90° TREMT,
A EITAEW ~45 CHRYT, X : BTAK 45 Rk CEsT
* TR OER  MEOEHME

RD FH : EEFM., TD HM @ HiEH R



Vol.8 No.2

EREEE - MO XMRBERBA AR T v bHMOBR

Table9 Specification and requirements of Borated clad material.

B/ G o B s EEL
Al F < o P 1.0w1% 30mm 10/10/10
MOX BERHEIA AT Y MHEHE | goriin ) o iy
s LS 2 s 1.0Wt% 20mm 7/6/7
FRNSEREBE ISR <2 7 > MHEHE | ok | fomm B B SUSBER | —
BEM - A 1.14wt% 20mm 7/6/7
B4 - B 1.42wt% 20mm 71617

TR X —ORBIEERFEEER LR o T,
Table 10 iIZ HHITRBROBRERT. ARV EF AT R
WO 1.4wt%B SEMEZHNWE L O, 1LI1wt%B §F

MERNCLDICH~RFELNEITEREORTAR L.

LL, RerdFA7 L VAREFHOBEEREICOWT
2 OITFREBRR X USIHRBIC X R L2, HBES
BERLNAT, ERREETHDH I LBERINE.
ReLEE IR 7y FMiL, RurE8/fRAT7 v R
GEWERE R HLN S, BEERTR ESEMBTH
5., ReroRimcky, A7y VAR, fev
GHEARAT VLV ARMEFRICEEOEERBD ENED, R
nYER 3BTy FHEERTAZEILK-T, »RY
BHEOEWARRry MRENTRBIZRE EEZLOND.

33 ROVvEHEPNI=HLEE[3-5]
()RS

Table 11 WARBRTHAWZRA EETNVI =V LEE
("B BN 100%0OBMHA v OERZARICL TR v

Tablel0 Bending propaties of Borated clad material.

Bt M P e 2tR 3tR 4tR
#ehr A |RDFR | OA 00O 00O
QIwt%B &8) | TD M | AA Q0 Q0
&4 B |RDFM | XX X X O x
(14wmt%BEB) | TDHFM | XX X X X X

0O:180° ETHITTEE, A : BiTAEE 180° ~90° TR, A :
BTARE 900 ~45 CHEET, X : HiFAE45° RS
RFE T RRME 0.6wi%) OHEREB L UNR Ty MOEFER
7

AR ERTVI=T LAEEORM L L ORI
WL U ERELERLE A6l A4 THY, ThicRa
Z 0.6wi%Ll LIRINL, HL3s % 2 RMERR/E L7z, Table 12
KEE LR 88TV =0 A A 0OEER LT
FAI =T AFBHEPIIR e U 3E & A PERET, i
nleR o IEIC AB ROEY E LTHHTS.
Q)FRBRE R L URHE

BIRHEBROMER%E Fig8 IR T. BI3RM S ILERIR T 320~
330N/mm?, 0.2%/1135RIE T 280N/mm? &R L, &40

600 51 =

- 0.2%@%h )

5155 & 3 X U0.2% 8 11 (N/mm?)

500

400

300

200

100

—0— 1.1wt%BRIAH (L A1)
—o— 1 1wt%BAAH(CHA)
—t— 1.4wt%BHAH (LF1)
—a— L4wt%BRAH(CHR) |

-0-= 1.1wt%BlAH(LE@)
~o= 1.Imt%BY&H(CHm)
~4r= 1.4wt%BR&H (L @)
~-&— L 4wt%BREH (CHA)

}

| 1
200 300

]
400 500
BRizE (C)

Fig.5 Tensile stress(TS) and 0.2% proof stress(0.2%PS) of Borated clad material.
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Fig. 6 Located position of test pieces of Borated clad material.
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Fig. 7 Absorved energy of Borated clad material.
(RD: Rolling Direction)
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£, BIREIBLC02%MARELET T2 L%
FENTF. 300CIZBNTHE, BROESUTOETH .

Ty VE—EBRRAROKE, HRBNT XX —iL3~4]
BE (50~250COEERME) LIEVVEZRLE. 2721,
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Table 11 Specification and requirements of Borated aluminum
alloy. (For the dray strage of high burnup and MOX spent fuels)
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Fig. 8 Tensile stress (TS) and 0.2% proof stress(0.2%PS) of

Borated aluminum alloy.

(Ref TS:Type 304L with 1.1wt%B =606 N/mm® (R.T.),467 N/mm’ (300°C)
02%PS:Type 304L with 1.1wt%B =256 N/mm’ (R.T.),238 N/mm’ (300°C))
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Table 12 Chemical composition of Borated aluminum alloy (wt.%) .

HEERHL B Si Fe Cu Mn Mg Cr 7n Ti
A-(T) 0.7 0.71 0.46 0.29 <0.005 1.11 0.15 <0.005 0.004
A-(B) 0.8 0.74 0.46 0.29 <0.005 1.14 0.16 <0.005 0.004
B~T) 0.9 0.71 0.45 0.29 <0.005 1.17 0.17 <0.005 0.005
B-(B) 0.8 0.73 0.46 0.29 <0.005 1.14 0.14 <0.005 0.004

0.6% 0.40 0.70 0.15 0.15 0.80 0.04 0.25 0.15

A1 LLEMEY| ~0.80 LIF ~0.40 LLF ~120 | ~035 | BT AT

T SiITERE. L ICP oiris. B84EE B BIAMI JIS6061 (2 X 5.
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Table 13 Bending propaties of Borated aluminum alloy.
a) Tensile stress and 0.2% proof stress. b) Elongation and reduction.
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a) Tensile Stress and 0.2% Proof Stress.
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_ b) Elbngation and Reduction.
Fig.9 Time dependence of tensile properties of Borated
aluminum alloy.
(Tensile test results at room temperature after given the histry of

270°C)
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