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Safety Evaluation of Simulated High~Level Waste Glass Products (1)

(Drop Impact Test of Products)

Hisayoshi MITAMURA, Muneaki SENOO, Kanjiro ISHIZAKI?
Shingo TASHIRO, Osamu KATBT Tsunetaka BANBA, Hideo KIMURA,
Takashi FURU§£? Masayuki NOMURA and Kunio ARAKI
DiVision of Environmental Safety Research, Tokai Research Establishment,
JAERI
. (Received October 21, 1980)

Borosilicate glass products containing simulated high-level waste
were dropped onto an iron plate to examine mechanical strength against
impact breakup. The products are 5cm in diameter and 2.5-10cm in height.
The drop distances are less than 9m. Surface areas of breakup pieces were
measured to clarify relationship between impact energy (potential
energy before the drop test) and increase in the surface area of the
products. The vélue of 6.2x10m2 mz/Kgm was obtained for the increase
per unit impact energy. Amounts leached of Na and Cs are propotional
to the surface area on the occasion of the small breakup, while they

are not on the occasion of the large breakup.

Keywords; Safety Evaluation, Simulated High-Level Waste, Borosilicate
glass products, Mechanical Strength, Impact breakup, Surface area,

Impact energy, Amounts leached of Na and Cs.

* On leave from Chichibu Cement Co. Ltd.
** On leave from Rasa Industry Co. Ltd.

*** On leave from Kobe Steel Works Ltd.
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1. FF

FRBERE OB FLE TR TRETIE LV~ VEEK (HLW) 3, BittksEs: R ik
bt » THEED ORMET 3 nic, BERBERKLCLTHEE - L9305, TO1RN) ¥
%%%éOHLWE#thTM,$v74&ﬁixﬁwmﬁﬁﬁ®$m&ﬁgtsm”c@ﬁ
5 2EMLEIE, X5k, 2RV PHIRELOF + 2RI —RKEHASTND, TOF+=RF—IC
HASNI HLW # 5 B, Bl LBl TBRESN S, TOK, BEHO++=X
5 —DEEP, BEDOBEFHRURABLHOETHRICK > T, BENERAHKHLW 7
51@&%mmbéboaﬁﬁénaocm&ﬁ%ﬁﬂﬁﬁHLWﬁaﬂE&W@Mﬁ%ﬁ%L
Eo7igs, HLWA S RBELERBE L, REBENSECS b DLEELLNS, ZORPD,
T.H.Smith & W. A.Ross (3, #+=24 —AD HLW# 7 RE{LKic oV THBARET -
5,2 %7:, W.].Mecham, L.].Jardine, M. J. Steindler i3, # 5 2E{tLikH HO &
ST TR L E— & H 7 REUUEICID - f T A A F—EBEOMGRS S, HLWA 7 2 E 1L
KICHET 3 V¥ — D0 - L BAORERMMBERE L LS ELTV S,

BRNERICE ->THLWY 5 R BMLEOBENSEC D, ++ =27 —OBEPERIL->T
9l POSENT: EXiTid, REREMCLZBRHBMMBLLOSNE LI D, KER
T, $+=245—ADHLWH 7 2 B{tko@mEARICETLS, Btk BGOHERERIEE
BShiIcd A1, BMEBHLWHY 44 B 7 2 B{LED 5cm ¢ O/MSRAGKEZERLTRR 9
mb» 5> OE FTHRRBRET 7o S 510, BARBEOBTEL SBR SBELERICOL
TBHAREITV, BHELXEREE OBRERNI,

2. % B

2.1 HEEOR%

BEHLWAY Y A By 7 RELEOBEMEERI 10wt ¥E L, HLWOREBRR R 1 IR
FE I MRATIT o 720? 72, BULEEH & LTRE 2IORT & 5 TMRO bOEER L
oo 22T, CsiEoWTid K CHEBEFICXRESL 20 M AN, Y # 7 XBRIFIC g
BT ERROBERICK, B LCRLERARELE 2 1OR LEBELRMAREER LI, Thbd
DREARR 5 LOVEEAEOHICHALTRA LIk, #5 BRMFICHBL, BRIFIC
LS BARME (X5 Cr/Fe /W; 503,337 /535wt %) 266\, MEEEAN A 20 KW, B
$§ 300 KHz + 40 KHz OEERARMBMIC & >TREEHM Lo RKHE, 1200 °C T 2 B RER
et 3 B TRBLEDD 7Y — XU TH oM LI L, 600 °Cic F# L A& 5 cm MRS
BRI (2588 RICS 7o BEHLHI 550 °C & 500 °C TZOZh 30 5L LR Lk,
marE LFNTHRKAS S ¥, FRAMNEREBERALIKE >TH MO L.
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HE%, BSMBHR»OIOM LAMERY 7 2B tE%E, F4vE Y FBAIRK->T, 25cm,
S5cm, 10cmDBEIICYM LI, EhEhid, Tk (REL LEED LOH; L/D) 05,
10, 20 iABY T 3, YINTICHE LT, ElimigREEY, VINEEHET 2 L UMME O
FMEALI, UIMROSRR, KL TERERLKR, = FLT7 03—V TEREESVTET
wgRRICHL 7,

2.2 ATHRER

B 1icRd S () SEOBMLAE TEHRARBEER L, BtV EREGR T 58
BRIE, M150cm X 150cm X EE TecmD#%KR T, COTRIEZI VO cmOgkfHEa v
N—+%, EOKZEDOTRIEZSS5cmDBTay2 ) -1 2HE, SORZOTRERELE
15cmOBEETHVTH 5, RERKIE, BAImE TLRAMET, RPOETHEREEICH
ETEXBLI3LTH5, HFTFABOBAMKBIEICIE, BROAFE L -BBARsE£EAL 1.
BULE DRI KEL S REZ TAELZ 6 S LT TEOREVMNIL 5L THEH, A&
BRTRAMYT 5 REULADE L RILHRE LS EETDARIT -1, BBEBOKBRICIIE S 2mm
DT Ly FEED, ABERFOBON 5 REULEORIEE W1,

23 B

330 Hicid, P Retsch HBOBHRLZ2VIRESIBEEA L, S50icid, "D
HEA% 381mm, 191 mm, 952mm®D33&, 27 LAMOEME 40mm, 20 mm, 0.841
mm, 0.5mm, 0.25 mm, 0.149 mm, 0.074 mm, 0.037 mm®»3 3 VWA EA L, 27 Y L AR
BODTER, AR I2mmé XEE4TmmTH 5. S20IRE DB NOEHFICEL TR, 150
mm ¢ 53VATY 7Y EHRLT,

HEWRBD LD VIDVTIR, TXRTEEETSIIVET-1, b5, HEAZ 952 mmD 3
BNICHETHRABAEB/IY, 20350 EICE - 2R IC>VT, BE 38 1mm, 19.1mm,
9.52 mm D33V EIAMSEEPES LD E—H FOFEETHRL THEEIT 10 TO
#ifEdhic, FSBEME L3 Eb 10

952 mm®D 455 VWEEBLMM»VETERARBAL TR, E% 8ABELDSZ VIRE H8IC
bif, F4+n50, 153MOKRE SILL->THBVWEIT-, CCTHRALL I5AEOKRE D
BeRSIE, BEAX40mmDS30EEBLAETEREN 188g KoV TODL50 FHARDOER
[{2) boRkpibDTHS, T1bb, M2hoOHLAULI K, 15AMOEE SIKL-
T, 0.074mmIDKERKBAICOVTOSLEVTERAAIR, 2BEIREIICEE550TF
BREAHEBEELAHREL TV S, —F4, $53VEBEBEKEE, REIRIIBERIE
(B EEZOND, O, BYLIREIRHE LT 15 3WERA L.

SHVEHORKEROAIEKL BT, 952mmll ORIV TR, AR E2EEMEL,
952mm & D/NESRAMFICOVTE, 20T ELAE LK, H5VOREREESFICTLE
&> THARBEREZRD T,
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2.4 FEWAME

% T Ao Zm e

HETAARORERE, THRE»SEH LA, CoTEAEICHE, 1L/20mmBED ¥z %
FRL

HTHRANORARI, SRR BOXREMOBID, SRB 2, K& XH59.52 mm Pl EOE
RIZ2VTR, BEMASICRERERYD, K& 5052 mmEBOREE 20T, 550
NERRBCHOPULHRD TV HEERE, SRBICBONIANEREARLZLIE
- T, B3 VHEMEBOXREREERD -,

FREIC & B4R 9.52 mm DL E OREH O R EREIE
SROXHEFEIO—RIUETEHY, CARELEEOER IKOLRERD >, ANOEXE
Bkt BALMKE, +TA8O Pr—2H2mmB+t 2 v a vR——T, KOKE
OHEEFE 193 X 1072 mY/ g TH -1, MOKUKEEAE RO ZBEITIE, HOUMHC AR A 4
=AY, L20mmBEED/ FRTTEAEL, 01mg BEORKRCTERMEET - 20
74 7o) — I X BRE 2.0~ 9.52 mm DREAK O ZEEHE

BHIOKSIK, BTRFAMAOERIARAIROSDTH S, C0z®H, 1/100mm ¥E
Dv4 7o x=%E0, BAHORERE, IARERTILIVEVHSOTERHMELT, C
NSEMARLTZO0LEE2ER, COVLEORLETOAHEREY S -T, AXNKOEHER
& Ui AMEROMEICI 01 mg MEOXRFEZAY, MERBEL LTS -0, THAIEERD
ﬁﬂﬁ&ﬁé@foi&bfﬁ%btoit,aﬂﬁmﬁvﬁmxéﬁeo%%&a<¢ét&
#9170 ~ 80 MOFEMA IL OV TORE DOFIEL S, TD3 5 VHERDOHEERERD I,
BRI EIC & BHIER 0.25 ~ 2.0 mm ORBE O ZEEAIE

BBILAROAMED LiItABR 2E8E, 27 ) -V ERBELBOTESE I mmBEED b
DI LTHE LI, COMEBELRBERTEH > THETEICEL, Fifio< 427 04—-55ELf
RSEUETHRERERD /., CCTHALLERERIZ 10MEE 0ETH 2, AER OH
B 0l mg FEOXKREAY, MEREL LT 50, THRAEROAS 2 ELESH->E
LD TRE L1, '
BET #iC & 2HE 0.25 mm ki 0 E¥ 5 o R EHHlE

SHEMFEA — 7 LR ER - LGSR 2100D 2 FEA L, BRESFRICIR 2 Y T
YA REERL, ZABAERNRICRBANY Y LH2AEEH L, MHLBRARRRERTX 3
BOBDIIOID, A—RUTAM - ETE2T-1-BHOIDOREH T OB 2 E4REBEA L
b DERARICH L7z, BRRIDRSRIZ 200 °C T—BE L LTV, B VROE HEbic k -
TR R & AR LI BRICAIEEBBL 72,

2.5 BHHK

100 °C, 1h REFED /Ny FETITY, BHBICA 4 VRBKEER L CREEY DI 1 5Cs
CFBMBiREE NS Na DBHBARIE L7,

—-3-



JAERI-M 9191

SERALEBEER 3R L, 2BOMEIIL, Cs,Na 2557, BELIDIHEIRFV
VAREAL T,

RIEICHE - 72 BHE, 2k - ERAIEOR, 2B L, BHRABRB LU TOBETIT> 0
TROL, ETRENEED 5 ED1 F Y Rfkic kD BHRABR LT - 72 BHRBRKO M,
By, 2R, HMRRTIONE-FTITo7o BRIKEBLTIE, BBAKETEX3RVFER
CKEKRTHEL fz, KBEROBHEIZ, 2BEENL TEREZAEL, COBLBHKREL
too BHEHDCs & Na OBEE, RTRASTEELE, REBGEICL > TRDE, T
T, RHBRBRE~DCs, Na OREFREE L7, Cs, Na ZEROBAUAE L SOHEMESE
3T LT,

3. BB Lt HE

3.1 ETHEHONESD

ETREAMERICET 208 BT OEREAREMNGT 5.5 VEMBTR LIRS
WEE, 5H5VHME LOMBRER S ~R TR L. ChODRT, STERMN 20084, 3
2VHME Amm& D EHVEBRTRE, FOSLAVEHBRTS, BonREE ORESE %
BRETSIVERBIC LM ->TRENIEASBRONE, —F, TR 05, 1.0 D
&, NESHABRELETSI LOMICHESHEEARSNEY, hid, REoE—#OREDL
Aic, RMERETEEGOELT, RS20 DB AN LEETHOALLZIHC, KE
BHEBBHELb—ELN LRV L HBLTVEbDEELONS,

M5~R77, #ht@EOBEICRRTSLE, BHINIEESZOXBICAZRNEOER
HAR LD B, $6-TC, TS 20 D4, DL 6550V EME 4mmllTTR, Bo5h3
AR OS5V TEREARRIATEIPEL BB O>NTREL LI L0505, TOBMFKE,
SBOTERTHRN S5V EMEONSIR UL, ORI, BETFESICHELT, ETH
OME1$w¥—m6ﬁﬁLkﬁ¥1$w¥~%ﬁﬁbkoﬁs%,RALWMM%,LAiQ—
lley DFEY LB T2, HIETAHEI A ALF KOV TARBTEONLERLD S |
HRBERKELB TS, T, EBRH I RO BN ELEE L 1:bDEHE LTV A,
Tf, R8iBVT, JROETERIILFHBTINYL, Thid, fidliLoic, £RAR
DHERBHEREBBLT L SRI—TRNV I, O EHFERD—2EHEL LN 5,

3.2 ATHERCKDEERAM

ETHRAMOZS5VAMcBLTE o HEXAEAN 9 ITR Lz, Nbho@ERIZ, &R
FEATHEERELLEEDOHEAEENEOBFRTH S, CONMT, w427 04t—8EE
KUEBHARETRD AT RE Rk FrokExmKid, 2IFECHEARLTYVYS, LHL
Bo5, EBROBBAIBEA%2E > TVWE10, ERETRO-LEEROBHLO bFHEEINL
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Iic, w47 0r -5k IOCERIEREFBEOERORAMF OlLEZ TR, I TRDIE
EDbRESNBHDLEBDLOND, —H, BETETRO L EZER I, BR/ILKETRD L
FEEEEANT IHREARXH STV, THU, =47 04— g EDPERERETR, #3
AREOMOIEMNABRBR L TH S0, NIBRHEEEBE OO L DOEE NS, XHAKRT
i3, 0.5 mmPATDS BRI LT, BET TR I-HLETEEE KA L1

N SOHERHED ORDIEFRANORAREEZETEH S OBFKRER 10IRL, Bl D
BERIR, BTEHELBOMEMED SB/N2REICL>TRDILODTH 3, ZORKBNT, &
BT PIBH L TR E2BICc—Ra€ 5L, MEEIATHRLI2HMERA/ERDTC L
C15, COLE, BREATRICBY 2EMEEE L TELOBKE, BIFTHABERICS S, 4,
ETRBEEACETH 205, MEECETHRICL I MMATRESE LD, BREECHR 2L
¥F-%LrnL, BAUEHEIIZE—ERLICS D EBTFRENS, T T T, BEEICIE, A%
A7 RACBNENE T X VF-%LIOBHYLEL NS, FRABRTRILATI DELT
HR AAVF-EZHOTVS, BNEXAHRE T3 AF - LOBFRER 1L KR Lk, TON
T, BRTRLI DI}, ETELBORRRZWMAELRLI-bDTHS, LT T, HERRER,
SETHRLBOMEMD» SBEE 0 2 REHREAHL, COBEE06THBELTRSL,” Bl
BT, TERONSOHDRIAEEBEBES 20TV A1), F—0OERLICES 2 @6
LU GHBTREV, T3, TERMNSKBIAREHREBOR—HICEEBLZIE NS
fedh, RIEBCESDOEDBHAbDEEL Lhb, TEHOKE VHDRBIIE—ERMEICE
EFoTVE, MIIIKBWT, BEREZO/JIV, 2FDAEBEOI S >EDDVTER 20 ©
R ORI BAEHE T R v F -4/ ) ORMRERI, 62 % 0°m’ Kg-mTHofo T
%, W.A.Ross 20 L~z L, H2EOAE ST >TWVS, £, S. M. Wiederh-
orn DRDBIAI X ABA 5 AOBBERE T # V¥ —45]/m? (22m? Kgem) EH~ABE/N
I, MEIAAVF-DHILAEDFEDLNIbDII 3BT LB ->TVWAIEMBHEEINS, F/,
Milics T, REHES/PNSOVEBRTRIAGEERE &L, 3% TR0 RRRERICEVDS,
RABOKE SRR TRALBBABE D, COMPIBIICK BH7Ic AR L RKEE
LEOEHBCRELSFELTVS,

3.3 Cs, Na Biii&REN

Cs ,Na BB L EZAREOBFZEERLIZOOMR 12 THB, 22T, BRHEBERIZ, HHR
Bucgi L T, FiokcAER LB LUUIMmICBWTRILSDERE LI, B 121icE
W, REMO/NSWEETR, MIEHER—FOBERLEICO-TV5, ZORERT, BAXREE
Mo h), BABSREIM D DRIBAERD B L, Cs kDWW Tk 7.4 X 1075 g-Cs/cm? » day, Na
LoV TR 74 X 1074 g-Nacm?+day W HEMBESN, Na DAMBCs EDH 105 £
5> TWB, IHIC, TNODEERR IICGRTHAN 7 RAE &SI O R TROBHERTHR L TR
RV 2kWBE, CsiDVTIR6T X 10 g-glass/cm? *day, Na it 20 Tid 47 x 10% g-
glass/cm? e+ day E WS EMB SN, Cs, Na &L bREFRICEHEBERT, —7F, KEAHEHPKZ
{153 L, MEERIROERD ST, BRHBLRAROHMMICENTETI2EEBRELN
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feo

(3) 100°C, 1h DRBIKICL B4 5 2EULHD B R E REROMIc BT, BED/IS
VIR TIRIEABFRMSR LN, Bhgs LT, Cs BDWVTHT X 107*g~glass“cmeday,
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Table 1  Recipe of simulated HLW

Component Content(wt%) Reagent
i CsZO 11.65 CsNO3
K20 0.54 KNO3
Sr0 4.06 Sr(N0,),
Ba0 4.73 Ba(N03)2
Fe203 15.46 Fe(NO3)39H20
Ca0 11.37 CaCO3
T1'02 11.16 T1'02
MoO3 16.14 H2M004H20
MnO2 2.36 Mn(NO )26H 0
Co0 0.98 Co(N03)26H 0
NiO 2.07 Ni (NO )26H 0
Te0, 1.77 Te0,
Cr203 2.86 Cr(NO ) 9H 0
Na20 14.86 NaOH
Table 2 Recipe of simulated HLW glass products
Component Content(wt%) Reagent
Waste(oxide) 10.00 Waste reagent -
Zeolite(Oxide) 52.09 Natural zeolite
Na20 18.32 2CO3
: 8203 13.73 . H3BO3
Ca0 5.85 CaCO3

Table 3 Content of Cs and Na in simulated HLW glass products

Cs: 10.99 (mg/g—glass)

Na: 156.21 (mg/g—glass)

_8..
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Fig.2 Effect of sieving time (sample weight 188g,dial 50)
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Particle size distribution strength (wt%/mm)

JAERI-M 9191

T

j&—Rapid
&———— Holding(1h)
<—— Heating ————)

-
/ \
/ / \
/ , \
\

\

\

\

\

100

Leachant temperature Leachant temperature (°C)

cooling

—>

]

\

\

\

—

Shape facto \
50 L/D= \L/0=| L/D=} —
0.5|1.0, z.o\
\
|
L ]
0 1 ]
0 1 2
Time (h)
Fig.4 Leachant temperature in leaching test
6 ' . 1 e Y
5 =
4 | Shape factor L/D=0.5
Drop distance p=gp
3 -
2F
1F —————-—1____ﬂ
ofpr—— L
5 -.
4k Shape factor L/D=0.5
Drop distance H=4m
3 ==
2 d
] -
0 L : -
310 107! 3

Sieve size (mm)

Fig.5 Particle size distribution of broken sample

10




Particle size distribution strength (wt%/mm)

pParticle size distribution strength (wt3%/mm)
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Wt% of inventory «stated sieve size
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Amcunts leached of Na (mg)

Amounts leached of Cs (mg)
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Fig.12 Amounts leached of Na and Cs vs, Surface area




Shape of particles

Photo. 1
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