PNC TN8440 97—026 NEREN

H oA E RS TEREEYLE

19974 6AH

B - KRB SR
R B F 2N



FEXBZOHEBOAFIZONTHE,. FRICBEWEbET XN,
T319-11 RBEIRAE RN KFENR 4 —33
Bl - BRRRREEEE REEENR
SRBFEHEER - g EE
Inquiries about copyright and reproduction should be addressed to:
Technology Management Section Tokai Works Power Rea ctor and Nuclear
Fuel Development Corporation 4-33, Muramatsu, Tokai-mura, Naka-gun,

Ibaraki-ken 319-11, Japan

B4 « SRR ERM (Power Reactor and Nuclear Fuel Development

Corporation) 1997




o BH & M
PNC TN 8440 97-026
1 9 97 £ 6 A

AT A LS EREEYNE

HEE WH
2 F

HEES3 v AGEH T ABERERTS (429 BH 5 ABAEHEFLIF— (T
ROETASLH~8HA2H) | AOBMEFFAFELTERLEBHTSHS, I F—0F
FEid, 20xx FOHSAMELERE THY., £HE TR, HELSIFRICHAEDHEITT
BENEVEETHLIRXINF— BB OWT, HIcETHEUESHEREDEE & OlE
EBNT D, TREFEBEEYO T S AELER EMBRFEC DWW THEEZANL. H5 A
MBS FOREERNADERBIZDOWTIERZRET S,

* SRR, REXNE—WHE=



PNC TN8440 97-026

1. TIEDIT  weveererrreersrreeeniottmmneminnnsniietieiessstiessaiesesnnensrssssstsrnenseanrninassesons

2. I*]Pﬁ*— &%ﬁ ......................................................................
21 I*)]/#"‘%%&’.E%j] .....................................................................
29 %ﬁ{ﬁﬁ ..........................................................................................

3, FRGHEEESEMI BT  cereererressesimmrmtsssinetosss et s e et
21 JUSFHEEEEEMIDTRA LREEL  oceeerrrereeesiesetereserseeses e eesessseensre et snaesens
3.2 IREMEBEEMOMENG e e
3.3 L UL DALERALL:  ceovvererensrenen oo ST

4, FRSHEBSSEMIDH S AL coerrerrrerererrmssenimninnisesesssre e sessssnsnsesans
4.1 BLNIIVIRSHEREEY O S ABE cvveerereriiiiien
4,11 BLANIVEETHEEED T 5 A OB ERE i,
412 ELAIVEEHEBEEM T T ZDWIHE  -eeerereererinnenrreesnisnino e,
4.2 ELRVIRGHERESEYIOH S ZABUE  corvermrrrrriiiiin



PNC TN8440 97-026

®— K

F—1 (BEEE) & [ERN DZEEE B i e e 9
=2 BAMRBEEVNEIE OB DD e e 9
£Z—3 B UVEEMEREYN S ZHAE @0 19 ciiicreeercerinenneerseeerseressas g
FT—4 HoABARBERETLED B @7 i sevrressisacessesessannseeseeses 10
F—5 %ﬁéﬁﬁﬁkiéﬁﬁzﬁﬁﬁﬁgo)ﬁﬁ 8 it e e e 10
F—6 BNV EREEDEEICERE TS @0 e, 11
F=—7 ®|LIVEG Ry S ADIED—F] @Y cervvriiiiiinii 11
7R—8 BEYRDDHNS AADBERE (1150T) @0 rvrvvrircrerreerrrseinieeninsneeeessnnes 12
=9 REMSERLTHHSX HOFTHEER @ i, 12
Z—10 BEYESFRAOWIR Y 5 2 DBNESEIZ X 5

FTHAER EEBHBOLE D correencrenenns 12
11 A5 ZABLOBRAPBRAENTWBREETHIEREES O oo 13
=19 {gl/&)pjﬁ%ﬁﬁﬁ%@{tﬂﬁx@ﬁm% S 14
K13 MEBERRD BOPUBHEA S ADHRB ™ reererereiinsccsesseinnnes 14

— K

R N N s 7Y -3 L O i5
K—2 SEECREEOADETINEWEED rrerrrerreeen, e —————— 15
K-8 HMARADIFNB—FERETHERD  cverrirriicciminereaiierererrrereeess e ersernans 15
__4 EE%L:%LTCI*)I/ﬁ_%E &{Eamﬂwﬁﬁﬁﬁ 12 16
H—5 BEMEBEYEZTOERTETD® i eeee s e s eessar e s 16
BI—6 &L OVBUREBERY (T 5 B OHETEEREE®  oervrrerenrnnnnns 17
B~7 WL VBERERRY (F 5 ABHLE) ORBERRIES - oveererrrmnenennenn, 17
['g]_ 8 'r%‘ V&)bﬁ%ﬁ%?%ﬂﬁﬂﬁ@%ﬂ:%%iﬁ 1 18
-9 HEFMBEEYLBNSOEBHEZ F® e iereee v e i8
K—10 TRUBEBZEUEEDLELASOERBEZ F®  rrrrereerereeeennnn 18
H-11 9> PJ%%%Q&E&&%@EZ{SES% ZH® e e 19

— iy —



PNC TN8440 97-026

K—12 RIBZEWNENSOERBEZF ® i, 19
BI—18 TVE AJA —UD ittt s s s s 20
H—14 45 REOERE & ATISY 7 OESE®  cooverersesii i, 20
H—15 & L _RIVBEHEEZE OUMICEINTmREILE v 21
H—16 HoZABROEEIC L AEHBADBIEF 10 i, 29
H—17 BEEMH S A DMEEIESIT U corrrerrrrenimiiimii s 29
E—18 SYNROC HOZEREFHDMELE 9 v 29
EK~19 SiO,BEMUBIKEEE (25C) DL v, 23

BEY. Na,OSFREHH 5 X
$ 040, 10 wt%

V: 15, 0-30 wt%

A 0, 0-30 wt%

B—20 B, Na,OGEBLEET T ADBEIEGL O v, 23
Ig[__zl J%%%\ Nazo ﬁ;ﬁ-%%ﬁﬁix OJBFEE 2 O 23
sz_zz FP %,ﬂ:%%@éﬁia Hﬂl*ﬂ/#‘— (B2) Lt iesrerenansseatisestrresiaiirnriebrsennanerann 23
B—23 BERMESEREE] 5 AORBHEE (T-T-TR) @ oo 24
H—-24 Eﬁ%ﬁgﬁg%gjﬁﬁxwﬁg (B8) i vernrerrrrrsancsasennaninnasass veeertrreres 24
H—25 BEETESEREEH S ADEBEIEFL @0 e 24
X—26 BEEHH S AFOTHEOIEE R 1 PN 24
M —27 BEMH T AN OERIIE O i 25
B —28 BEEMH S AMEDTEEBH /HEIETIL @7 crvirversinsinsinie 25
K—29 BEZEMH 5 AhORE R RERE EIEERE i, 25
X —30 BEEMH I AHDOAY TATECEFI @ i, wresernsrssirreraieanes 25
K —31 BEIEMH T ZOE EEEEFREREE 8% i, 26
B—32 BERMN 5 ADBHMBEAMBEIRINFE—EOBFR S oo, 26
B —33 SR (Large) L KRR Smal) D

BHEBEHEL A 5 A OBHBBIERS oo 26
M—34 BEEBETSAOEBHEREEE ® (i, wreserrerenens 27
K—35 244Cm ZFHEML = EBRELH 5 X DBRIBBHEER @0 --revererrmrremeereeness 27
E—36 [EL LB B S A QOBEEERIGER 92 o 27

(HEkidE-122H, POT9O8H&EL RN S X)



PNC TN8440 97-026

AT A LB BESRYILE
B0F - SRR ERE
IR

1. LI

FHETE, Rox EFOHITAMAELERE] LW FEIF—OFEITHL, BEMDS
ERICHZ VBT TENRWRETH 32 T RNF— BB DWW, BICEFH RO
BEEYEMEOEEEZEN TS, EEBEEBEEDON S ZAB{LER SRR ROV TE
BEBIL. o AMBRBOREEMANOERIZDWTIEREZRET 5,

2. TRIVF—LIEE

21 TRNF-BHFELETH
AEXHOME - BEEEZX5 &, BE. IR, BEO=EXZRAKICERTE
RV TRYLIT] (B-1) P HRKOBETHZ, AEXHORBEREORE~
IRNF—HBO BN~ {LERB O RE-AKER, HREBEBLEOREREEDOLMN
5, IRNF—FABBOR L, AEHILEROBHSE, SEETOMREEENTNY

_%ﬁ‘%ﬁ@aﬁLE®AD&I$W$%%§®%%(E—m‘”@ﬁt.%k@?@
AEFMEEAOEINCED ZRXNVF—HBROENATHENTWS, AHEETRD
EROTRNF-AERRERE (K-8 2 5BEREEE L TRERESN. —7.
TSRV N ULARFATAEARERERNR B2 2%, BEHICAHELRIIF
—BELEAERBOMEEE (K—4) @ 25 2oL EFDRICE,. TxNE—FE
FEAREETTIHERARSREZEN, FRENTWS, ZOESCEEMICRS &
tERBORBLRINF—ELUTEFHPEEME RN F—EHROFRARNIEEEZ AL
55, BEFHAFRCEL TR, U5 EEZFABET 2RI, UF 288 L
LTHERLEE TOEFANT20TERS, FRAFRENSHEAHARRERV I V&
T ER LTV R LZER L. FIAT BB 2 NEHRNRDENTNS,
EEREY A 7N O MR S SR EREREY 2 2K EE (NELY) THHE
RHbd,

2.2 REME
R & & B ITREANOBEESN, AEMH - FREBEFE - EREAE - hIRERE
REFEEEL TR, FROBBANSHS - A -BRNEELEL TS &E-D 9,
FEEUTHREMEEE L TEREEIN, kO 3REAERENTVS @, OFHED



PNC TN8440 97-026

EREEROHROEFELEZR/REAEZ DD (HAMGER | QB Ao ST,
BRYDEERBEOEFANDHEFNE DD MR7=IXL) . QRFE OEKBMT. A
ANTIEL THIREBRFODBDTH S (MBREETH) .

HEHEEEMICEL Th. IR ERICBEOEEZ2E IV S AFETEE I AW
NUTRSBRNEVIBHEREDERORA © 250, RICESFMHEERERZZ<E
DREEMOF S, BHCHZ0 ARRESH. /T, BoF U IR EETFS5HERNS
BIRETSHETRNWARE LT, BASYENEYR FEEAR EN, RETHE
RREEDTNS., SHOEFAFRAICES TRE LEBEMIC L > TIESkO#ERI K
SR L BDEECPREEYOTHIIRD I NARZEHDMIRNEDOEE © 2RiT8
BEAHB, 19954 5 A D OECD/NEA OB EREYEHEESTOENER TIIEE
FRERMPRIERNOREFOERN L, BBEASITOWTEEL, INS2HEX T,
BEHERE OB BT, HRRNRUERBOAEE V- ZEERE AR OREYH
REEOFRBL VWS REROERNBERCES DO THYD, TOREEZRS I &13E
YUTHBLERITITNSE, @ ®

8. WUHMEERERMOEE

3.1 BHERFEHORLE EBR

BBRET 1 2V BEERED SRET DB EREREY 25 © 10RT, BEEYITREET
RELVT USUXOBON, U VOBRGROBETERT DHIRERY (Sr. Cs.
I. BEETRS) PTI/FERR Pu, AmH) 28FLTVS, REEEEDT o
W BB vREHUBEGHEL ., RRLERICELEL T, XhistkEzs
SBUBRLNIVEUHERREY ORBIL. BRFEETHD, HBREESTWBIETH
5 (®—-6, 1) 9, B OVBEEEEMI R ETRUA OB RS & L TELE
MROTRENY Na%) . BRERY Fe%) 28HL TN5, BERYT OBGHERK
BORE, FM X D RHEEENNIESN, RIS UZEY AN ERED 5
N5, MENBERYSEANEREER -2 ITRT,

3.2 HEHERSEMOUENS
BRE YA I VERER SRAET L RFERRYNBUSOEFWER F 2K -8
~12 O IRY, RiIT, TS ABKAET 58 L)V BEHERENEEOBRERNT S,

3.3 ®U VB EREES ONELLS
H o ABLHEMBEFRGR (Tokal Vittification Facility : TVFE TiX, ¥R T7ELDE
BEABTEN BRETLHE LV REERERR 2 EAMENEEEEREIIv I A



PNC TN8440 97-026

F—BERAL, RUTFTBIIAOBRBIZE#HE, Ty AFARKFL, BHELTWwS
(M—13) *, 75 ATELENEELNESEY (F 5 AB{E) M ER7
£X D BEANERIN, SriifoREYEERR ©° ThRIhTWS, 5Bk
1330 &5 5 50 EMEERAO D OB ETW, TORMBALST5EIETHS 9,
HBASRIZIEIAINY Y (HIABEEFORBERTHIA I Ny IRTED
AR EOMICHET ZBEN P 5253) EXRANUT (BE) MER3LENVT
VAFARCEDEHIchEARENEREINS (R—-14) @, B, 2030 £/515 2040
SR DS OBRZE T THARBR LS HEEEHBEL TV S, B LIS
MEEEREY OS2 HEN B’ - 1512RT © . &LV SRR QNS H R EE
HBHIL - TR, FRAREFHENITED S &8, BMNEBRCETERNER
BB LUTWS ZEREERTH S,

4, WMEHEESEMOH S ZEYL

4.1 BUVIVBSEEEERON S B L

= LRIV EREY OBMB E L TIRMRERE, a2 20— HSX (UBRTS
A BROTABH SAE) . BRETASA, 253 v/ X ooy 7% | #&4EK
KATESD, EEOBE{LERE * ORE, ROEEB BN 2RI T TBH I X HEE
KzE AR &R N, OREOHBRRUVEDEBICH UIFRIENAL, HEEY R
SGEH-IELTES &, QWA BOLEECENSC L, OBREBE R
fE< (1100~1200CREE) TAZENARETH A &, BAEIFEFHEESN. &
LUV EBERE R B 5 ABLT 544 0 28l BEHEEITRD SN
DB, BHETROBUADTHS. I7URNBHSAEERNOHELCAD LI
I ORBREEMEIRESZEOHUADIZE DZOMEEEERT S,

4.1.1 BLOVESHERENT S5 A O S BE

B LRV ERER, FURETABEEERDELETSAERELDIZH
1150CORERB TRM EIN S, E2HNMABSOBENEENH I AMREER LR
B, BETRABLEROFRYY I BASANEREINE (E&-3) P | S5
DFRED, BHBIZEZ2EENAELS (M—-16) "9, H I ABEULEBRITRER -4
DBHERPITRT,

BEG RS EEEORZEWEEERE LW OB EIZECAD SN TW5S (&K
—5 %% K—17") ., HEMEOHE, BEYTROMEE. Y1 AL OBEORESR
BEICHCADSHASDITHNL (B—18) 9, A5 A0EER. EFOEMNFRA
e, EHBAREECADIZEWSHEER>TWS,



PNC TN8440 97-026

Ho2A0EELEET MEE L TIIBERD ., BEYSER. Na,O SFREE
BiXEET S Z0BELL (8~19) @I, FSABEEZRBRLTWS,

4.1.2 BUVIVERGERRY T S5 2 OHE

BV R TR RS AR U O—HlRE -6, 7T “ITRT,
EEEEEICEDH T AEE,. FrHFclERT . SREN. BETHS (W-
20, 21) @, ANF—ANOHSADHECADII, BABDEATAVEESHE L
ALTHD, HSAOHT/ ANVEZZE 7 VX RN THEREZRLTWS W9,

BESEMIR T DI T ANDERE. EREBHIRINF—, BREEBRHEES (F-8.9.
10, ®—22, 23) - P hEEEYH S AT OFTHEOFERE, BOREENTEME
NTWs, BEMH S AT THEETEIL. Ru0,. Pd—Te Ok T &+ v miBE)
REETEELTBY, I ABRRMRICFENTLREL., #ELZVEIKE, FEREDD
EWEEICRET 5 EERESFRESMEEZFERAL TVS Y, D& RIEBE S RE,
EBRENEOBEBRER—-24. 25 ® ITRT,

BREFOERE S, USEOH S XHE 0BHERSK. #EEb. a2\ TAN
TNVDER EVFMENS RN EBR TS ACEE LUAERASITHEL T30
THEOHTH S, BEEYH S AROTROLEEH & FRHRKOETIIEKER—26 »

5 —30 @ - =79, BHicbio8ERER. BENET—F M S IERE &k
ELrOBBERVWTHEEINRTVS (K—-31) 0, BHERIDOWTIRHS A#HR2E
KRB HITRLE-EOBEKRLHEINTVS (8-32) 0, cho S okt

EFET B70ICE, EBRBICHEDSBNET — I RUTROEHICETH7—F i
HEET—F L LTEETH S, TOM, EEFVEERLARESRF TORMBAE
BEMET 57201, FRE S EREHEOBRERBLT 5 X 0B M (—33) @,
ERERELH S A0BRHRR (M—34) “¥, 244Cm FMERKELHT 5 A DB
B (M-35) ® BEEL TS, ELRREEETEIZREN FANRY 1 BH >
R & SIO, EHFBRMZIER U TRHEFHINVELLTWA Z L2FHAL T BEHRDES
HIAOHAEEFETZHADTHONTNS &,

4.2 BL VB EEREY O S Bk
BV ARVBEHEEEMIIR AT L D ERSRE B 2D, BB ELTRAS K,
FAIFIE, TSAF9l, 53R, SR, SBLESHEMENSS @0,
B, BAME o8 S TENSD TS ABEEO SR AR UEREHSER 2hD
DH5B W, XEOEGBEEORTIERL 5 RET DHEEY TH S ABLOBRAN
BEEhTWwasb0EHE—11 ® IR, EFHIRERN. SAETENSREETST MY
U AEERS ET BEV IS RENERI A B S ASTELET 2R (E-
12, ®—36) “?, REEEYERKREL - EIN— T I BEEBERHERES



PNC TN8440 97-026

PNEBINTND W, BRABRNOESICKD, v IE0E5 I v 7 A0
RRECEBPHEE->TWE @0, R2RE, REZPOLEL TRERLSENBDOPU 2
5% 74 RASAECELT5BRET> TS (F-13) 9,

5. HIAMESE OREEMDEH

BRI BSBRTREY N v 7 ARCEURD BMEEEFOMBE LT,
5 ABERMETH D, B OVEEHEEEYOBE 0L 5, HHOFETHIE L B8
EMTROFCAD, ZEEBOBRICES/NUT Lok 7 n#RTORCADMERES
SATNY T ERBNY 7 THRENS T/ DORATOR CADIEIEE T, £EOMEE
FIALTSENY 7 2HE L. BEMICDE D AFBREOPBEN < ENTETH D,
L ~OVBSHEBEEEN, EERBERNAOY 5 ABLOMERIL, MBAS I X b, BERMER,
BEEELTOBEEERLUTHNTARERD S, £, X5ICHE. RELERRLE
EULASHAR 2D 5 T &0k D, I MER. VXY ERNTEE RS, SEREITHT
SMEORETORD. N T7EOER. REFOI 7 DOBEKIEHIN, HEEPFTOR
B, BhEF -y SOOI PBEIND ZEITX D, TRORE. 28, FEORE,
BESTRHTETE, X0 UADBEOEN TR 2R L. BRI LNTESE
HXBNB,

BHEOEHFEBLETRREARMEET B HEN 5, 20xx £OHRTIE, H, #R2EX
THIRBESHEEEBICAN, £8YAFAE UTREY 91 2, BENRAERERICR
HOHRABLLDDOBB EES, HROBT, BHF, TRNF—, BEO/NT A
SN, BEFHFIAOSEEEZNCED ) X2 KO0 TbHIBRI N L THITHR 2
WBIERED, KROERAORENRERBTEEES,



PNC TN8440 97-026

BE TR

(1) BERFHIUERERE, TR+ KEE, (1996).

(2> A, REBOIRNF— BELRR, (LRTES, BERAE, (1996).

(3) WEE, “HRARBEOMERMMSEM BN , BLEHIH, Dec., 116 (1989).

(4) ik, “REGESENSHEIIINF-BREOREE" , HERETHERE, 320),
760 (1990)., Ik, RERBEZOITTH, HE, (199D.

(5) IAEA, “The Principles of Radioactive Waste Management” , Safety Series
No.111—F, (1995).

(6) IAEA, “ Safety Principlés and Technical Criteria for the Underground
Disposal of High Level Radioactive Wastes” ,Safety Series No.99, (1989).

(7) OECD/NEA, “The Management of Long-Lived Radioactive Waste
The Environmental and Ethical Basis of Geological Disposal
An International Collective Opinion by the NEA Radioactive Waste
Management Committee” , NEA/RWM/DOC(95)1, (1995).

(8 RFHhZEES EFHEE, (1997,

(9) EREZEM, &L VVGHtREEYHEASFERBOEMEESE, PNCIN
1410 92081, (1992).
BN, #iREER, No.85, (1993).

(10) TAEA, “Classification of RadioactiveWaste” , Safety SeriesNo.111G—1.1,
(1994). = Ref.[4NZIAEA, Safety SeriesNo.111-G-1.5. ‘

(11) H. Tomikawa, et al., Proc. of 10th Pacific Basin Nuclear Conference, 1273
(1996).
M.Yoshicka, etal. , Waste Management, 12, 7 (1992).
HHh, BEREFH2&1997 EFROFELSEEEE I 73 K56~61, pp.544-549
(1997).
BB ER, o ABLENRREERN> 7Ly b

(12) R, “BUNVBHEEEDFEEEIIOWT” , FTH1%,41(10), 34 (1995).

(13) EFHEERBRSEERYMRENHS, BEEREEDLBASHFEITOWT (R
i) BEfIG9EBH.
RTFIBEEMAREE MBM624E6H.

(14) IAEA, “Chemical Durabilityand Related Properties of Solidified High-Level
Waste Forms” , Technical Report Series No.257, (1985).
W. Lutze, et al.,, “RadioactiveWaste Forms for the Future” , North-Holland,
(1988). '

(15) P.M. Saverot, et al. , Proc. of SPECTRUM 92, 453 (1992).
P.A. Bonniaud, et al. , Proc. of Waste Management *79, (1979).



PNC TN8440 97-026

J.A.C. Marples, et al., EUR 13389, 302(1991).
E.Ewest, et al., IAEA-CN-48/177, 269(1988).

© S.L.Marra, et al.: Proc. of Environmental and Waste Management Issues in
the Ceramic Industry, Ceramic Transactions Vol.39, 283(1994).
W.C. Eaton, et al. , Nuclear Waste Management IV, Ceramic Transactions
Vol.23, 509(1991).

(16) S.Torata,et al., TokaiWorks Annual Progress Report, PNCT831-81-01,
68 (1981).

(17) LK, “BLNIVERAERED T ABEEOZNTAL " , €229 I 2,
18(7), 592 (1983)., £4 K, “BLXIVEEHEEENOH 5 X BLAERR |
NEW GLASS, No.3, (1986).

(18) K.H. Sun, J. Am. Ceram. Soc., 30, 277 (1947).

(19) L.L. Hench, et al., Nuclear and Chemical Waste Management, 5, 149
(1984). | |

(20) TFIAMl, %529 FBRIENRESEHEESSE, M118B, 218(1993).

(21) K. Kawamura, et al., Nuclear Waste Management III, Ceramic
Transactions Vol.9, 469 (1990).

(22) D.R.Oboyle, et al. , J. Nuclear Materials, 29, 27(1969) .

(23) K.Kawamura, etal. , Mat. Res. Soc. Symp. Proc. Vol.353, 87(1995).

(24) H. Igarashi, et al., Mat. Res. Soc. Symp. Proc. Vol.257, 169(1992).

(25) H. Matzke, et al. , J. Nuclear Materials, 201, 295(1993).

(26) H. Kamizono, et al. , Mat. Res. Soc. Symp. Proc. Vol.257, 191(1992).

(27) Y. Inagaki, et al. , J. Nuclear Materials, 208, 27(1994).

(28) G. Malow, et al. , Mat. Res. Soc. Symp. Proc. Vol.127, 153(1989).

(29) Y. Inagaki, et al. , Mat. Res. Soc. Symp. Proc. Vol.257, 199(1992).

(30) E.N.Boulos, et al. , J. Am. Ceram. Soc., 63, No.9-10, 496(1980).

(31) M.J. Plodinec, et al. , Nuclear Waste Management, Advances in Ceramics
Vol.8, 491(1984),

(32) K.Ishiguro, et al., Nuclear Engineering and Design, 116, 61(1989).
K.Ishiguro, et al., Mat. Res. Soc. Symp. Proc. Vol.50, 247(1985).

(33) K.Miyahara, etal , Mat. Res. Soc. Symp. Proc. Vol.127, 121 (1989).
K.Miyahara, etal , ISSN 0937-4469, Proc. of 2nd International Seminar on
RadicactiveWaste Products, Requirements for Waste Acceptance and
Quality Control, pp.595-608 (1990).

(34) T.Banba, etal, Mat. Res. Soc. Symp. Proc. Vol.353, 1397 (1995).

(35) BEfeft, HERRFHIEEF, 33(9), 890(1991).



PNC TN8440 97-026

(36) IAEA, “Conditioning of Alpha BearingWastes” , Technical Report Series
No.326, (1991).

IAEA, “Status of Technology for Volume Reduction and Treatment of Low
and Intermediate Level Solid RadioactiveWaste” , Technical Report Series
No.360, (1994).

(37) C.Courtois, et al., Nuclear Technology, 115 ,AUG., 198 (1996).

(38) A.G.Croff, “Identification and Summary Characterization of Materials
Potentially Requiring Vitrification” ,in “Glass as a Waste Form and
Vitrification Technology : Summary of an International Workshop ” ,

National Academy Press, E.10 (1996).

(39) C.Chapman, Advances in Fusion and Processing of glass, Ceramic
Transactions Vol.29, 485 (1993).

(40) R.C. Eschenbach, et al., Environmental Issues and Waste Management
Technologies in the Ceramic and Nuclear Industries, Ceramic Transactions
Vol.61, 405 (1995).

(41) HTE, “HHEEREY O AEE” , NEW GLASS, 11(3), 11 (1996).

(42) B, B, BEREFHFER1997 FEOFELBESHEE IS K53, 541
(1997)., =, HRETFHZIENSSEROLPRTRELETISMKLS,223
(1983)., TNk, B 60 FROIPSTRESE I/ K6,230(1985) ., E M,

[ K7,231(1985).,5%:BHHE 57 — 30998, 57 —30999, 60 —25496~25500, 60—
42698, 60—145199, 61 —99897, .62—24499, #¥BE £ 3—235008, 3—235099.

(43) LA. Sobolev, et al., Mat. Res. Soc. Symp. Proc. Vol.353, 833 (1995).
A.Oleg, et al., Proc. of SPECTRUM 96, 2130(1996).

(44) N.E.Bibler, et al., Mat. Res. Soc. Symp. Proc. Vol.412, 65 (1996).

T.F. Meaker, et al., Environmental Issues and Waste Management
Technologies in the Ceramic and Nuclear Industries II, Ceramic Transactions
Vol.72, 409 (1996).

J.K.Bates, et al., Mat. Res. Soc. Symp. Proc. Vol.412, 57 (1996).



PNC TN8440 97-026

=—1

(EEEEIE & TR OB ®

I Lk i1 thixd
MM e RWmME s PADEGTHH o MIAKH
o MESRAIEM R Lme
mUM S EFMARA s HROEAENEZIRG s EFRBAER
sVELIZVA
MG e RARIBAS s ERARINT s HERARRIEN SEMmE
o SRR + TUAESENEDIE AT I EIX
o 85 206 - RRE s R R IR
mivit e REMRGSE o AMDiorEENR s BROHUBIEER
(Haxtt, Jexete) igm
» NITEBIERIE s BAEOREAR - s RIARAORET R
taizte, #om, BHe-)  @roo) me
#—2 HMENTEEMIEIEORY 0
Waste classes Typical characteristics Disposal options
t. Exempt waste (EW)  Activity levels at or below clearance kevels - Mo radiological
given in Ref, [4], which are based on an restrictions
annuel dose to members of the public of less
than 0.01 mSv
2. Low and intermediats Activity levels sbove clearance levels given in
level waste {LILW)  Ref. [4] and thermal power below abont
2kWim®
2.1. Short lived waste Restricted long lived redionuclide concentra-  Near surface or
(LILW-5L) tions (limitation of long lived alpha emitting  geological
radionuclides to 4000 Bg/g in individual waste disposal facility
packages and to an overall average of 400 Bq/g
per waste package); see paragraphs 324 and 325
2.2. Long lived wasta  Long lived radionuclide concentrations exceed- Geological
(LILW-LL) ing limitations for short lived wasie disposal facility
3. High level waste Thermal power above about ZkW/m® and long Geological
(HLW) lived radionuclide concentrations exceeding disposal facility
lymitations for short [ived waste
- 11) (15}
£-3 BLVBEHEETY 5 AL ¢
E{LHERRE | TVF |RUTY AVM WvP |PAMELA | DWPF (WVDP
H Si02 46,7 45.1 40,0 46.3 5§3.60 51.90 43.43
S5 B203 | 14.3 13.9 18.0 16.4 [-13.24 8.05 10.28
=z | AlROS 5.0 4.9 13.0 4.9 4.02 4,16 6.55
%ﬂ 2o 3.0 2.0 e 4.0 3.86 4.44 3.15
Al <0 3.0 4.0 —_ — 4.69 1.03 0.60
] 0 3.0 2.5 —_— —_— _ _— g0.02
o Na20 { 10.0 9.8 17.0 8.3 8.62 9.13 11.44
;ﬂ FPRit#h| 9.8 2.8 4.0 11.1 TI02
2| zom 5.1°| 5.0 | 10.0 9.0 ||gon 5 || 21-28]|| 24.83
ﬁﬂ.’.% LL e 0.35 Ll L1l
(5.0) | (5.4) | |popm (10.91}[(12.12)
7.17
L1 L11] LIT1] LIl ]]
WE B, | Fe2C85 | ?¥/ vo | LEWCHGE | Fe2085 | Fe208st
SR | BERER | ARREHE | E{48r BCRE
ECHER | HE EH{LHERL
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MOy/x N
Bt o masyopg MOER  MEsER
MOv/x T NE— {keal) Efirs (kecal/mal)

#® B03/2 356 3 119
B $i02 424 4 106
®_ Al03/2 482-317 4 101-79
#¥po3/2 356 4 89
POS/2 442 4 111-88
7ro2 485 6 81 .
& Zn0d 144 2 72
M2 AL03/2  317-402 6 53-67
{£ Tho2 516 8 64
# 2r02 485 8 6L,
La0372 406 7 58
@ Y03/2 399 3 50
8. Thoz 516 12 43
# Li0l/2 144 4 36
£ Zn0 144 4 36
# Cal 257 8 32
{& Sr0 256 8 32
% Na0l/2 120 6 20
KO1/2 115 9 13
Cs01/2 114 12 10
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%#—-8 BREMRSOH S AAOBEMBE (11507T)

(21)

- Crystalline
L)
Component  Solubility(wt2z) Phases
P20, 2 (P,Ca)oxide, (P,Ce,Nd)oxide
Fe0, 15 Fe,0,
NiQ 1 (Ni,Fe,Zn)oxide
Cr.0, 1 (Cr,Fe,Zn)oxide
Zr0. 10 ZrSiQy, Zr0,
MoQ, 3 (Mo,Cr)yellow phase
PdO 0.05 Pd-Te
RUO: <0.1 RUO:
Gd,0, 20 Ca,Gdy(Si0.):0,
= {23}
&—9 ERVSEREGH I AP OTIHESR
Waste Content / wi%
25 30 35 40 45 50 55 a0 65
XRD L |
Ru0O2 H ]
CeOz2, Apatite
L 1 1 ]
EPMA Spinel | Celn2 i
I Apatite |
| RuOz2 i
Pd-Te-(Rh)
Rh Ru Rh Rh Rh  PdRh Rh
#£-10 BEEMEARAOWL%H 5 AOBLELEEIZE B
iR S BHEORL @
Heat Crystals »! . Nonnalize'd leach rate *2 / 10~kgm-d-! Weight .
treatment S§i B Li Ca Al Nz Sr Mo lossmte*?
as prepared None 40 10! 64 14 22 53 13 70 24
450°C, 1000h None 27 57 62 25 33 719 1.1 14 24
550°C, 1000h ApC 32 63 69 26 50 77 10 05 28
650°C, 1000h Ap,C 31 197208 03 1.8 158 02 160 4.4
700°C, 1000h AcApCS 27 7.5 84 1.3 33 82 08 13.0 25
750°C, 1000h AcApCS 13 23 33 11 13 35 04 74 1.1
800°C, 1000h AcAp,CS 17 30 41 20 37 43 15 47 16
900°C, 1000h ApCS 22 38 50 22 48 50 15 43 20
950°C, 30h CS 25 43 49 09 34 48 10 55 20
1000°C, 30h § 21 34 38 09 38 37 10 34 Lé
1050°C, 30h 8§ 26 39 47 10 40 43 09 53 20
1100°C, 30h § 22 28 37 L1 55 33 L1 34 1.7
* 1: crystals detected by XRD (Ac: acmite, Ap: apatite, C: cerium oxide, $: spinel)

* 2: static leach test: 98°C, 1d, distilled water, SA/V=300m"
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Volume, P Radioactivity Power Vitrification
Material Type or mifyre Density, C¥im? | Density, W/m? Material Description Possibilities
1. Spent civilian nuclear fuel 12000 10,000,000 50000 | Light-water reactor spent fusl Unlikely unless required by
repository
2. DOE spent fuel 1200 Not quantifiable; Mot quantifiable; | Varety of spent tuals Likaly for Al-clad fuels,
' Modarale-lo-high Modarate-lo-high possible for othars
3. DOE “ank” wastes 375000 1,000 ~ 10,000 5-50 | Alkaline liquid, salicaks, sludge; Highty Bkely for essantially
caldne . all retrieved tank waste
4. Capsules: ¢s 3.5 23,000,000 115,000 | Capsulas of CsCl Ukely if ovarpack is
) Sr 1.1 21,000,000 140,000 | Capsules of SiF, unaccaptable
5. Transuranic wasles Wide variety of matetials wilh Likely for only a smali
Remately handled 2,500 + 145yt 1,000 -2 TRY »100'nCilg fraction unless WIPP-WAG
Contact handled 70,000 + 150047 25 - 50 05-1.5 change substantially
6. Low-level radioactive waste Extremaly wide variety of Ukedy for LLW from tank
DOE 38,0004 9-27 0.01 - 0.05 malerials with <100 nClig wasle processing, Unlikely
Commearcial: Class A ' 0.6 0.03 - 0.1 ’ tor most othar LLW.
Commercial; Class B 24,0004y 60 ’ 15
Commercial: Class G 0.1 = 7,000 0.003 - 115
Commaicial: > Class C 63 + 20/yr »0.1 — high >0.003 ~ high
7. lLow-level mixed wasle Extremaly wide variety of Likely in selected
Commercial 2,100 Not quantifiable; Not quantifiable; materials with <100 nClg and applications, bul extent is
DOE 138,000 low low | hazardeus chemicals unprediclable
8. Surplus plutonium 2 11,000,000 44,000 | Plutonlum melal shapes Either vitrification or
imadiation will be used
9. Environmental resloration 78,000,000 Not quantifiable; Nol quantifiable | Exiremely wids varety of High-toxicity wastes and
low with small- Low with small- | matsrials and contamination some In-situ are fikety.
volume volume Unilikaly for the bulk of the
excaplions excaptions waste.

* Fixed values are exisling volumes which are given where produclion has essenlially ceased or where disposal rales are approximately

equal to preduction rates. ‘Rates are given where volumes continue to increase significantly.
t Sum of annual production rates for Classes A, B, and C.

970-L6 OVPSNL ONd
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R—12 B IVEREEBERYEBMA T 5 X Ok “2

(wt%)

P1225 | P1226

Si0, | 47.7 0
#3532 | BLs 11.1 3.9
Es | AlO,] 105 | 157
P,0, 0 41.1
BEacth | Na,O 22.6 289
B | PO, 8.1 | 104

22— 13 MAEEN S O PuBHEH 5 A DRG] “

Weight Percent

15 We%sr 7 Wt.%b

Oxide By P Am /CmbP
Si0; 26.3 34.46 31.4
BaOs3 4.3 5.1 3.9
Bal 4.4 3.8 4.9
Al203 9.5 9.0 11.8
Zr0s 0.2 0.1 c
Laz03 23.2 9.3 5.5
Smp03 6.1 18.4 2.7
FbO 11.1 13.0 13.1
PuD 15.4 6.9¢ 0.3
Cealsy c c 4.9
Nda03 c c 10.9
Gdz0; = c 1.5
Pro0n c c 5.5
Eus03 c ] 0.6
Cm/Am/Pu - - <0.1

2as batched composition

bas analyzed composition

CNot present

dadded as Pul;

epdded as Pu dissolved in HNOs
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Leaching rate (JIS 100°C) {x10-5g/cm2-day)

&
/ NuD
., A0y
1)
n, u;%/ o
3’//. Ci0

0 +2 +1 +4
{PO545) (wi%)

wi% change in companants from reference composition

B—16 5 Z ZAMATHIC & 2B HEADEYH 6O

Hollandize
18aA15 TigOyg)

Perguskite
iCaTi0y)

Zirconolite
iCacr Ti207l

@ Ti-Q eesahedra

® Cu4, 5 REE O 3a.Cs

D e, U, actinides @ TiO octonedra

Xy
@ Ti, Al-O octahedra

OXYGEN -
& SILICOMN
& BORON
B No,LisrCs
- ACTINIDES
OTHER WASTE
@ ELEMENTS

B —17 BEZH 5 2 OihEE AR W@

Nesheling
N2 AISIO), ]

é A Si, ALQ tetrahedra

0 Ni X Ct

X —18 SYNROC Ho#EEH DR 1

Soinel
1A** G . Ry™"*03?

@ R*"_R*"* =0 geiahedra
9 A** =0 teiranedra
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Reaction with Stainless Steel
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