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128 14H (k) London & (AR, FH)
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128158 (&%) UKAEA Harwell ( AH, F#)
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12H16H8 () New York £ New Orleans 7&
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Conference 21}
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Forms
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Table 4-2-1 KfK

Eil 1978F 128 4 8(H)
M| Kernforschungszentrum Karisruhe GmbH
9:00 ~ 14:15
5
R B OB

Weberstrasse 5§
D 7500 Karlsruhe 1
Postfach 3640

Phone ! Linkenheim

(07247} 821 P9 82

Karlsruhe ~{&, Frunkfurt 226 F4 @&
ERIC TR ~#9 1.5 ~ 20 B Karlsruhe "R
BH &7y —TH 205 (25 DMEBE )

T, KIKIKiRIELT, ¥o27 270 T3

Lo &R

i1 & A B 4 iz} m &
Dr. H. Krause Manager
Dr. Grinewald A I P
Mr. Meier #7 AERT 7 > b RER TR S5 40 2
Dr. Guber b b |
Dr. Saidl "
Dr. Sienel B4R VR AT 12 A3 EFBT
Dr. L. Kahl 7 R A s

* &

1. General Policy (Dr-Krause )

BRcx02BRKm (AH)

S

6. HAREMOWME

Remote Handling ( Mr. Meier )

Ceramic Melter (Dr.Griinewald )

A7 AEfk, ¥ ( Dr. Saidl & Dr- Guber )
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Table 4-2-2 HMI

E .11
: Hahn Meitner Institut 19784 128 580K
s fiir Kernforschung Berlin GmbH q 10:00 ~ 16:00
i 2 w5
1 Berlin 39 (Wannsee) wmay) L VEES 20k, £2 ¥
Glienicker Strasse 100 —-T, 7¥ b+S—+E6— Kdning Str.
Phone : 80091 BHEKTH2049 ( 25DM )< IT
Wannseeifl 2 0t AL 5L 2 AR
( #500A)
i & & Br B . 2] =] i E:3
Dr. G- M. Lut ze # 5 xELMBREEREEE
A7 2EhfEL

Dr E Schiewer

(Dr. H. W. Levi)

(Science Director)

F &8

L

2 BEROBRBWRA
3. ERERE
i) £33 02 A
i) 4etEalErEEB

i) & v b

HMI. a4 7 2RCFHFEILY 7 xElEosFE ( Dr. Lutze ,Dr. Schiew-

—er }

EEEv (AE, RE)

N &
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Table 4-2-3 DWK

Dr. Heimerl

i
Deutsche Gesellschaft fiir Wiederaufarbeitung von Bl 197 84 128 6 B(Kk)
Fg
5"_: Kernbrennstoffeﬂ mbH A 1 1 . 00 _ 16 . 00
B # 2 B
Blnteweg 2 Hannover H.LE L b s 2 v~ CT#H 10
3000 Hannover 71 4 ( 10 DM BB )
tel (0511) 8071435 FRE»LENT S 20 FRE
Hildesheimer Strasse T >4 EERT
Thb,
i3] & & B . 1 =1 W E
Dr. Proske Leader Working Group 4 - BREMT
" Interface, Condition, Disposal " lv £ &
=

Leader

Test

HLW— Solidification
Shop

-

4. HELE

L BERCET 52K 2HR, DWKORKEIOFHEH
2 #7ABEMLIKBET AEMO Hot s L U RTRBOIR
3 REXK&T2HAERBBRR

(ABH, RE)

{Dr- Proske )
{ Dr. Heimerl )
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Tabled—2—4 AVM

% n
COGEMA Establisseme de Marcoule 1978F 128 8 H(&
Pq
s { AVM: A tliér Vitrification de Marcoule ) 5 10:00 ~ 14:00
B & 3 B B
30200 Bagnols — sur — Ceze Marseille #» & Avinion #£H/H T Marcoule
Boite Postale n°® 170 % T
Merlin Ko vy 25— T, ¥ 1 KM
20
fiT] &= & il = 8 - i B
Porteau Manager of SGN team in Marcoule - SGN
{ In charge of the construction and
start up of AVM )
Merlin Project Engineer Vitrification SGN
P. Meffre Bureau des Relations Extérieures COGEMA
Documentation
Papault In charge of Routine Operation of CEA
AVM
Eog |
1. AVM #HE ( Porteau , Papault fih )
2. BEOBERR (AH)
32 AVMEDWTOHE




S860-79—-01

Table 4~2~5 Studsvik

%

5

f9] Studsvik Energiteknik

AB

19784 1248 138(k

9:00 ~ 16:00

il )

SWEDEN

Teler : 64013

S—61182 NYKOPING

Phone : 46 155 80000

2 B

S tockholm #» 5 Studsvik FEIC & &
VA ricT | B

[iz] & &

B &

E | w

Stig O.W.Bergstrom
Rolf Bodh
Bo Berlin

Per Linder
Goran Blomgvist
Olof Hindbech
Ake Hultgren

Acting Manager

Marketing Manager : Div. of Nuclear Technology
Manager : Dept. of Rediation Protection

and Waste Management

Deputy Head : "
Analytical Laboratory
Metalogist

Adviser to Waste Management Council

to Nuclear Power Inspectqrate

1=

i@
1. Studavik © BEH A { Per Linder }
2 BEICHRG BRI (BE, XE)
3. RI-—FriRTHEMGEEFEOFH LAR
4 #H5=EfbEofFH ( Blomgvist Hultgren )
5. Powder Sintering Process O ¥& LUFEBRA

{ Berlin,Hindbech )
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Table4—2—-6 Harwell

&\ Thited Kingdom Atomic Energy Authority 2 1978412 5 158(&)
i
Harwell Laboratory . .
s a| 10:00 ~ 14:00
i R g B
Didcot ,Oxon Ox 11 ORA F|# : London (P addington )
Phone : Abingdon (0235} 2—4141 — Didcot (%71 B¢} ) |
Didcot 7» 5 UKAEAREE®FEH L €
Cha (#204)
5] E 4 i & . izl -] W
Dr.- J.- B. Morris Chemical Technology Division
Mr. J.- A. C. Marples Chemical Division
EX-]
1. Harvest Process # XU EEOHRK { Dr. Morris }
2. 747 xE{LECHE ( Dr-. Marples )
3. Harvest RMGOMHME { Dr. Morris )
4 BARCHEERNR (AHE)




5860-79—-01

Table 4 —-2-17 BNFL Risley
% British Nuclear Fuels Limited 4 1978412 A 158(%)
:: Head Dffice, Risley 5 9:30~ 15:30
B % i ' B
Risley , Manchester #» 5% ( BNFLF/ ) T#H 454
Warrington , WA 3 6AS
Phone : Warrington 35953
Telex 627581
i) £ & il = . i) £ w =
Mr. A. D. W. Corbet Assistant Chief Process Engineer .
Reprocessing Division BNFL
Mr. W. Heafield Principal Process Engineer , #
Reprocessing Division
Dr. G- R. Plumb Principal Engineer , Safety and Technical #
Section , Reprocessing Division
Mr- A. D. Eisden R&D Program for The Reprocessing ”
Mr. C. E. Crook Senior Group Manager , Materials Group R&D BNFL
Dr. J- E- Antill Materials Development Division U‘IJ{ViEdES_/ia]e
Mr. G- M- Jones Overseas Sales and Services, Uz%ﬁf”
| Technical Secretariat Risley
F&E
1. EEOBEIR { Mr. Corbet )
2 BERORFERE ( K}
3 FEARN+IUF+=x2%—

{Dr. Antill, Mr. Crook )
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Tabie 4—2—8 Conference

%| Conference on High ~ Level Bl 1978 £ 128 198k
;_: Radivactive Solid Waste Forms o g?;gii
Br 1 i ' & B

Denver Hilton Hotel EELbr7y-THIOH

1550 Court Place 55 Fa

Denver Colorado

- & & & = . 8 E #

Fas 3z

1. Plenary Session

) Vitrious Forms
i) Encapsulations Techniques and Failure Modes
i) Spent Fuel , Crystalline ., and Other Forms
iv) Assessment
2 Workshop
i) Criteria for Solid Waste Forms
ii) Stabililies of Alternate Waste Forms
i) Limitations in Predicting Long—Term Performance
3. HERIEEE
i) Nuclear Waste : Politics and Potential { Senator Schmitt )
i) The Saga of Naturés Reactor at Oklo ( Dr. Roth )
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5. ZEDEL A LFERELL - BB 2 B

.1 KAV
Ay TRROI T OoBRLHFAL, HRe LUERTMEC oW THE L,
« KfK ( Kernforsehungszentrum Xarlsruhe )
- HMI ( Hahn Meitner Institute fur Kernforschung Berlin Gmbh )]
« DWK ( Deutche Gesellschaft fir Wiederaufarbeitung von
Kernbrennstoffen Mbh )

511 FEYAYORBBHY 4 22+ L0HLLW Bt B+ 2 5§

B4y T, 1960 ER2OBBBY 120082 b ) —20EBHRKFEELT, B
B, B, FRKETMRARLLD, T LT 1977 ECERB YA 72 CETE2/E N4 v 0
HEAXTE eHAL Lo RER, TOEXRFTHURK o CTENZEHEARIED LA T,

BF14vOoRGAHEIROLICENTE D,

EREAMORE, BAE, BIALE, PMe LUAAERR T~ T—HL T [Entsorgungs—
Zentum | (IntegratedNuclear Fuel Cycle Center BT > 2 - LN VK THEZ %0
(Fig5—1—1)

—FAAGRE, BRAEBREEEMLE LEBRERTCHALARBTEERPCARTH
ST LFEDio ~F, LiLt ¥ 2 —EBAANREIOLKER T2 Hétv: bh, BIEF
(Salt —~dome ) #:%# 35 Gorleben (Fig 5—1—2)CEBRTICLLhoTnd,

Gorleben ©+ > 2 ~DEEIT LT DWK OEBECR TED bR 525, KAFEEEDBA

PTB (Federal TechicalBureaun) BEfE T $ %0

fE BN , Table 5—1~1 KRS EEPHE £~ T#H 10 £ %I XA BRI h 5, Gorleben
OBRBTHOLEENE 1400 MT U E LR EIN TN BDOT,Table 5—1—~10FTEIETC
DEENEHEBEL L TR, BREINLFETD B,

HLLWOBELMEBE, 2 OMBEED TRAPAMELA*( #7245 EE ) vB V525 b

¥ PAMELA ! Phosphateglasverfestigung mit anschliessender Metal einbettung Zur
Schliessén Einladung hochradioactive Abfille ( Phospnate Glass
solidrfication With additional imbedding in metal for safe disposal
of highly radiocactive Waste )
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Fig,5-1-2

Location of Gorleben
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R S AR FACER ) CLAHZ27 0y 7BbP IV HFAREC—XDALAL= LY v R
Bl fbo IR MR I D 55, FRFICAVM A0 4 7 =BEboBMRLH#D, 1987 £ 1T,
ZOMBOBLS EFMLALTREENL > 1 2BRTATELOHETH o ko
Winhthid, BEABRF Y 7 ABRY S 2EETHIFIARRRBE, £33 v 2202
IOWEBERL, #7527 vy 2 CELT S22 R4 ~5mOA > 2 —XCHEL, ¢htsE
<} ) » 7 xE{b— Vitromet BILICHE S H % ph b,

tE2o0 7 et x5 HEWD DD ,DWKIE Gelsenbergh SPAMERAD® / — Y %#fAL, —
F73rRLDAVMAZZBEL 12y 75 BACEBEEDL TWE,
chb2207 e A ,AVMITE L THKarlsruhelt, PAMERA 7 &= tzkﬁwT@Mol
KEhERS4my b7 5 2 BRTHFELOETD oko

5.1.22 HBENAYIKROLBEOHEE > 5 —BHORY

LREFHCBoTE VA Yy T, HLLWORCFRICE L (RO X 524 TEDH T LS L
Twnwady,

a. #HZ72OMERANE IUREELZT T E2ERELY 5 2ELEORR - HMI

b. £33 v 22— WKLEbH5RELT—n FTEHXEB. - KfK

¢. AVM Zoex@dky b1 ey FEAEB (HOVA) ( g ) ----- KfK

d. PAMERA 7w t=2®O& v b 34 1y b EKEoo Mol

g. FNARIF—AFy PP b DWK (22— )

ty 2—PBREOFETHE,1980F L b, REERALE 7 7 v t b BFEHEBL, £2TO
RBOERZL 1990 FRFPEEEL LN B,

#HotE7 >+ % ,HOVA %> PAMERAZ O T% 1987 EZKITA WV, &y b 77 > b 48
Y F-KBRINDIOE, 1990FEREAZTH2HL0ETH ok,
LEAHKIZMAER, BEWATETBR - T.DVK L O ERH ORI TEDB LR TWE T &
HHEHLAKE 5%,

WAy Tl 1960 AU Y Y BR #5 27w w2l D TOR&DEBB L At 2 OB Y VB
HIADLHR Vs ABRAIFRACEE LA STRH)VVYERASAZYERT L @Rkt o 24
YBRATRAORREMODER = M) v 2 REEHAEL, 1975~ 1976 F 0 2 E£HBE L £,

%, VERA FrEEFIL LAk, BHEX Vv —REOx X OB TS %,FIPS H=—~Y vt
T, Vv aAB Y4 200 HLLWoO B (Hat Cell )2 U V7 4 M54 ¥ —ORED
HrEEL T BB TWB LD ETH ok,
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5.13 KiK i) 2% « RBROHR
— 2 F I v ANEI—EAEHFTABEERLELT—

(1) # 7 = [BEMLa% 8
KfKTWH ,PAMERA 7 e t xDEBO AL, 253 v 7 A4 —WE24 5 2E{NEBOA
HO—HDO7 m e ABREED Tk,
KfKiZiB&lk, 2~3000Ci 2@ HLLW #£Bics 5 =EL, 24 EIKE 3 10,000
Psi TORFBRERILD Twhwid, —F, FENAF S LU Va~rPE L5 3 v 2 20 52—
OHH, ERABOBRBRETNWLTh 27,768FL, 2, €73 w2t s—TE, HEERER
HRORBITA > Twiko
KIKOBE L oRER, — #0770 t20RRBTHh, BRBERBORLE, B, V5=
7Y 5 b EOBE, PO, FOWE, 47 7 ARMEE —BORME B2 TERRE
ED Tnk,e

— H7RE{ETe ex —

Hz7 2B e €=k, Fig.b—1—-30RT—HOJRMR L HfThbhikke K735}
BFITR2LE27A(—FHHLAR)EBHL, 1979 F1ARELET2FETH S,
197845 b, ThLYFOIDO LEDLETI2~15 F &R Lo
Eﬁ%ﬁ@*ﬁ%#%%ﬁ%%wib.ﬁ%@ﬁkﬂ%ﬂ,cxfﬁ?i?Uwh(mM
LUF) LBRE, BT — U 2 b TEMEARK3SL/hr OEE T, EHEMNLC Fo—7550
(/XrTidan )fEEh s,

I Iy 2 A2 —FHAM1L3X14X1Tm , RRI06 X06X04mZACH (7 5 =8
ki) TO bhArAERBTTHIC2H0O= ) 7 Fr EREIEBCEBIhABE TS
5o (MoBBmIXZER ) '

A7 HARGHEENEZHBN TH5, Fig 5 —1—-3KEFT IO, TLLTHFr=toa Vv
ZIPREEBEBNAZBRIEDOLNTHER, A7 HRFE~O, ADELTArE— LR
Den7 2 )= Rt 927 4 N E—BALEZ—ARBEIN, ChIKKARI T~
ITY—, Ay BEEIRTK S, '

Table5 —1—2W kO # 7 XELBRBOBRET -2 —Td2, €53 v 7 2 E—0d
1200C TH 7 2B EfT2 ok, EFHESIC Ko TRKAMBRTH 2R L,
FAH~OHEENOMBRIEERTR2 I LN TE A, L2 LEHOHIEES® 424/ b
TCHEMIELEREC cake 2 L BERABIMTE A W EMbh ok, T RERIT, &
WRICHASNO,; BRIV MoBROFHEESEABE A, BEE MoER O 4+ 3 5
0.5 m/dayk HBEEIR W2 £ T, BEEW o< b L OMBRFACHAANSRBEREL
Fo ANA—LWO ) XA DXBRYBETH 5o
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a— T THATHAAFOX A BA06 % THEORTYLT, A7 V—TIR68BEBVE
ERULEo |

Table 5-1-2 : Data concerning the vitrification unit
MELTER OQutside dimensions : 1.3m x 1.,4m x 1.7m high
Melting cavity dimension ¢ 0.6m x 0.6m x 0.4m deep
Melter held at temperature : 15,300 hours
Throughput : 35 1/h average, liquid feeding
Refractory corrosion : 1-2 mm/month (melting cavity)
Electrode corrosion : 0.5 mm/day (Molybdenum)
Pressure level : - 20 mm WS
Flooding with liquid : Up to 90% of the total bath surface
Energy input : 40 kw
Melting Temperature ¢ 1,200°C
FILTER Filter efficiency : 70-907
Filter bed temperature : 1,000°C, required for self-cleaning
Filter bed pressure loss ¢ 20-40 mm WS , ' ‘
Off-gas dust content : 0.6% liquid feeding, 6-8% spraying
(after leaving the melter) )
Off-gas temperatutre : 530°C after leaving the melter
Off-gas composition : 73%Z Np, 19% 02, 0.5% N0, 5% NO»
LONG 4 long term runs (100 h) : 400 h, liquid feeding
TERM Vitrified solution : 9.8m®, concentration level 426 1/to
RUNS ‘Waste glass : 2,930 kg '

BRED, RERFEEMM LA, BERBEz o202 -ARTE, BBEHLL O Ry OBER

1l long term run

Vitrified solution

* Waste glass

HE®13% KFE L ko

TERORBIAFIC L TR 2 #EOH BT, PAMERA
H7A2bL, 2OoHLLWOBE 15%ELTwna, COHSZXOBERX28~30g/c8 T

: 400 h, feeding via nozzle
: 6.8m3, concentration level 800 1/to
¢ 1,400 kg

~ 18~

HEOLE® 51T, &v 518



N860—-79-10

P2, EIOEEIZ, 1978 FES t, thE THIS5tELEOHETS ok

—HORBREREIVWERTH oD T, 19T9F CE, KETH2EBK 2DOHEN

HRT €I v 2 A —OBBABRCADIAVWERTS ok,

coBL, BREAGEHCERL, BT -EHONRE, *r=22—~0H#5X0EA
H (7Y —RSuFORME) P LU Mo BROBALCERRAFEL L D AN IFIELOHET
Boke EEORELBLOBERT T TET WA LOHTH ok, M 2EREETFAR
BE s, HAMEEDN L CRETLHET, CORBFE+y PTIAETSHLORM

fé?ﬁo

(2) v =RA~—

‘r4 YTk, Fig 5—1—4d@FEFIom 2B HEOorr =22 —%EHL L THRMRAEZ

EHTWD,

le—219 . 1¢p— «—219 . Lop—+
a— 1 64¢)—] —1 73—
fi| . - !
N i= L} X
o~ f — ©
7 g 4 i i v
i T v J # o
4 y \
i \
1] \ q
\
1
N
o ca. 28¢% o ca, 288 |
o / S \
9'1 i \ [
1 ] \
/ N
] [} N
1
X , \
(48]
5 —
[ — \ :
Vs o e i v 2 Tl ¥ v [ \

Variante 1

Variante 2

Fig.5-1-4 Alternative shapes of

canisters



 N860-79—01

BH 1 OoBRE, BETCHTIAMEZR LA TLRAVWFEXRD 24, NEBEERK
R wz t, FERECRERRAVADBEERBA T2 EOREAD D5,

—%, BEE, BEARCT, MELENTH L, BEBCAN A2 4S 2
o COMECOHHBREBREEARKIT R > TEREBRERET 2,

B, BEREDTONFREIES—HKLTF 288, #5xBEL T80k (o =285
gred) &k B,

Fr=2s —BROWNEPigs—1-5KREL%,
FASAL—PRHTAEEALAE, BBMEEBCL>TT 5 X~ BEAN, BER,
NIV LY F A ELIFCGO-NOGO #— v IBERTF=ZtOOL, BlfrsnTar
bh b,

~Noal—2 72 OEBLOWME 4 EB Figh~1—6 KT BENE LR A, 2 72,
¥y =2 2—DOEHBOWEML, Figs~1-TKFETISC, Fa—7%423 ) v 7 %EHT
LEHEMMEH IR Tnik,

OFF GAS g

" HEATING
ELEMENT

ISOLATION
a CERAMIC
ELECTRODE

E

CERAMIC WELDING ANNEALING HELIUM CAUBRATION DECONTA- STORAGE
MELTER STATION STATION LEAKTEST STATION MINATION POOL

Fig.5-1-5 Schematic diagram of canister handling
(3) # 2 =M
WA OBRFRERT 5T Table5—1-3 FTDWKOBERMR # A ,m— AV REE & L
TRRFTOBEBRBRBER R, BEYEFR IS XA KESL LB 5 5 2 iK%
BI% L 2o |
AR INhA#>2GP~98 vV ~XOMMF LWL Table 5—1—4 KFLEo
-~ 920~



Ng60—79-01

— 1 | .
/“‘] ‘ 8

ROTA VANE ABSOLUTE
P FILTER o 1 MEASURMO
r UMT

——— T
JEN

s

7777777777777 777777777 T 77777 7T

Fig.5-1-6 : Design principle of the leak test system

e Beensreed Rees
~7 | \w)
a
Schematic diagram of the deformation test rig

Fig.5-1-7 :



N860-79-01

Table 5-1-3 : Compositions of HLLW and Simulated HLLW for inactive test
DWK~HLLW Simulated HLLW
Spaltprodukte
32 Ge Ge,0, 0,002 g/1 Ge,0, 0.002 g/1 . .
33 As 45,0, 0,004 48,0, 0.004 . .
34 Se Se0, 0.186 Se0, 0.186 . . . .
37 Bb RBNO, 0.175 Rb,0 0.111 Na¥o, 0,11 g/1 Na,0 0.04 g/1
38 Sr Sr(N0,), 5.14 §r0 2,52 Ca(N0,}, 4,01 a0 1.37
39 Y ¥Y(NO,), 3.66 Y,0, 1,50 A1 (NO,), 2.85 41,0, 0.68
40 zr Zro, 12.79 zro, 12.79 Zr0, 12.79 Zr0, 12.79
42 Mo Mo0, 13.20 Mo0, 13.20 (¥H, ) Mo,0,, 15.37 MoO, 13,30
43 Te Tc,0, 3.35 Te,0, 3.35 Me(NO,), 3.85 Mno, 1.87
44 Ru RuNO (K0, , 17.18 Ru 5.50 RuNO(NO,) , 3.12 Ru 1.0
45 Rh Rh(NO,), 2.70 Rh 0.97 Co{NO0,), 1.72 Co0 0.70
46 Pd Pd(NO,), 7.80 Pd 3.60 Ni{NO,), 6.22 Nip 2.54
43 Ag AgNO ., 0.24 Ag 0.15 . . . .
48 cd Cd(ND,), 0.47 cdo 0.25 . . . .
49 In In,0, 0.004 In,0, 0.004 . . . .
50 Sn Sn0 0.13 Sn0 0.13 . . . .
51 Sb 5b,0, 0.05 5b,0, 0.05 . . . .
52 Te Te0, 1.63 Tel, 1.63 TeO, 1.63 Te0, 1.63
53 J J 0.69 . . . . . .
55 Cs CsiO, 9.08 Cs,0 6.57 CsKo, 1.47 Cs,0 1.06
56 Ba Ba(NO,), 7.97 Ba0 4.68 Ca(NO;) 5.03 Ca0 1.72
57 La La(NO4), 7.54 Lay0, 3.78 AL(NO;) 4.97 AL,0, 1.19
58 Ce Ce (N04) 4 14.69 Ce0, 7.75 AL(NO Y, 9.64 Al,0, 2.31
59 Pr Pr(¥o,), 7.05 Prgly, 3.67 AL(NO;), 4.61 Al,0, 1.10
60 Nd Nd (HO,) , 24,06 Nd,0, 12.25 AL(NO;) 5 15.59 Al,0, 3.73
61 Pm Pm,0; 0.09 Pm,0, 0.09 AL(ND,) . 0.11 Al1,0, 0.03
62 Sm Sm(NO,) 4 5.39 $m,0, 2,80 A1 (W0,) 4 3.43 41,0, 0.82
63 Eu Eu,y0; 0.52 Eu,0, 0.52 A1 (N04), 0.63 41,0, 0.15
64 Gd Gd(NO,) 4 0.74 Gd,0, 0.39 AL(NO04) 0.46 41,04 0.11
65 Th Tb,0, 0.005 Th,0, 0.005 . . . .
66 Dy Dy,0, 0.003 Dy204 0.003 . . .
I 88.455 T 48.14
Aktiniden
92 U U02 (KO3} > 7.43 U30p 5.31 Pb(NO3)2 6,26 PbO 4,22
93 Np NpO» 1.45 NpOs 1.45 Pb(ND3)» 1,71 PbO 1.15
94 Pu Pul; 0.095 . Pu0: 0.095 Pb{NO3)2 0.11 PbO 0.076
95 4m Ams03 0.95 Am;04 0.95 Pb(N03)2 1.13 Fbo 0.76
96 Cm Cm0; 0.095 Cm0; 0.095 Pb(K03)» 0.11 PbO 0.076
I 7.90 I 6.282
Korrosionsprodukte
24 Cr Cr{NO3); 3.62 Crz03 0.69 Cr(ND3)3 3.62 Crz035 0.69
26 Fe Fe(NO3); 9,38 Fep03 1.85 Fe (NO3) 3 9,38 Fe20; 1.85
28 Ni Ni(NO3)2 2,84 Ni0 0.73 NL(N03). 2.84 NiO 0.73
I 3.77 I 3.27
-Neutronengift
64 Gd Gd(ND3) 3 50,0 Gd20; 26,4 Ballastoxide (Na20, Fea203) 4.5
I 26.4 I 4.5
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Table 5-1-4 COMPOSITIONS AND PROPERTIES OF SELECTED GLASS PRODUCTS

GLASS PRODUCT

COMPOSITION (WEIGHT %) GP 98/12 GP 98/18 GP 98/26
5105 48.20 45.60 46.09
710, 3,91 3.70 3.74
A150; 2.21 2.10 2.11
B,05 10.54 10.00 10.08
Mg0 1.80 1.70 1.71
Ca0 3.48 3.30 3.33
Na20 14.88 14.10 14.23
Gd203 - 4.50 3,71
HAW-0x. 1 15.00 15.00 15.00

PRODUCT DATA

SPECIFIC GRAVITY (G/cm®) 2.83 2.86
VISCOSITY at 1,150°C (Poise) 125 75
THERMAL EXPANSION (100-400°C)

(kK~1.107°) _ 9.5 9.7
EL. CONDUCTIVITY at 1,150°C

( "t.em™h) 2.56 2.37
THERMAL CONDUCTIVITY at 1,150°C

W.m~ 1.k 1.10 . 1.36
EVAPORATION VELOCITY at 1,150°C |
(m.e.”1.107%) 2.60 3.30
IMPACT RESISTANCE (em”.J™ 1) 6.6 9,33
SOXHLET LEACH RATE in 21st day

at 70°C (g.cm~2.d.107*%) 0.87 0.46
CRYSTALLIZATION after 360 h

at 800°C none part.
FORMATION of yellow phase none none
SPECIFIC HEAT (J.kg *.K !.107%) 1.13 1.30

L 15 weight % of HAW oxides contain 0.91 weight # of phoshate

~23-—-
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GP 981213 Gd:0; 22 % 2 MM TH bH, GPI8/18, 26 1k Gds 0 EEHHMT 5
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—%, LWR, LMFBR( burn—up 28,600~60,000 MWd "t ) 0B BMAESL LB LIhA
HLLWO 7 5 ABbERK oW, HEE, BHE 2 28/E Lo TOKERE, «—HHHKE
HHEHGBIN Tk, f—, 1 —HHEE S > THESUOEA T 5%,
ﬁmﬁﬁwmmﬁ LDWT1L4X1077, total ®ICDWT33X107% g/ em’, day D
BEbhko
(4) KfiKoRE b H s
#M15mX20m O—EIC, —HOEERIB->TFig 5—1—-3 ORMHRBEIh, KB
BE T2 > Thniko BICORERFRI >TE2&TOoBRERED LR TWHA,
HZAFHOR, 19308 T, 10KHz OBABK I o TMBEIh-<H b, BRLY 5
AMHBEREZ OV —% EF 5 0E T o5k,
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FRICEE L T,
BED, SEMNAEPCRHEFI S 2% 00, ¥+ =22 - 0ABBELOIEENHK* + =
RE—CHTHEDT L Toh-to
AREEO-HICZ, BHEESR P2, HERZY AT TE~RT, v=2E1v—2—FK
Lo BmRERBREED Thio

5.1.4 HMI KR 3H% - RBoB®K
HMI &, #5zBkoico# 5 2Hlo%ke, # 5 xBLO M, + L ABELEHL
LTofRr > REEORRKRELD TWEETOFEF T 0
(1) # 7 AR OMET
#7AOEBMM E LT, 45:0; —2B.0s —1A1:0; —2Ca0—(1~3) Na,0 % BV,
ThiCHEEREREDT 156 ~30% (BtWE LT ) ma <, BREE, g, BEEF+T%
W, B8R R LKIKO THRBICBIT Lo Mol D TH#REEBRAMARK S T TICHE Lo
M, HLWE BRI E L T20~25 % & LT Wi, BlhkoRNEEE T RET 5
W, BETIELIS S L LTWwb, BRIEE 1130~1330°C ( £ 1200C)T 2o Bk
Lo THELRBMBESBONE. FPREEMIE220E, Li, 0 OFEMS LU B,0, O
BAOo#E L,
HLW OZHEBOEVEE, MO, O T+ 2 )+ LU T A » ) LEBREWOBESEEL Y 5
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3%, BHEOHE TR ok?, COZOH F20HEE, 10 g/ m? dayPlERB O %o
B, LR THAWAEEREEYOMEE % Table 5—1—5 KR 3o R, LWRAK © HLLW
KHENa,O RS 2h 5234, Na—freelt 55 &0 L Thoko

Téble 5-1~5 Composition of fission product oxide mixture

(X)replacing TeGs)

Constituents Weight % Constituents Weight %
Cs, 0 10,91 Ce0y 8.40
Rb, 0 1.01 2102 16.12
Ba0 4.43 100, % 2.21
Sr0 3.81 TeO0, 1.65
Y203 2,16 MoO3 15,12
Laz03 4,25 U0z 2.45
Pry03 3.83 Pdo 0.73
Nd»04 15,45 Ru0; 5.90

Rhy0g 1.56

(2) RV > <EML BT 50 AR
BRIALY S ARBNEHCEETDY, Dot OBFEERERLTWE EFRIEh 2D T O

RELDTWDo |

CORBWER, FIEHMNEMEF— =L LT, BRECRFOAEZ2BLEDTNE LD
#HChoks

BELY S 2 E L THELED Twb 0L ,Celsian, Pollucite, Diopside » Eucriptite
FhETEROBERALGELT, BUKERBEMTE , B 22 LWi&E s 5 =i Celsian
FTHILHREST TCOMROBRALIATC R oko

ST R S RE 5 AROMM B & U85 % B L0 Table 5—1—6T 3 3o
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Table 5-1-6(a) Compositions of Parent Glasses and Crystal Phases

of Glass Ceramics

Glass ceramics

Celsian Diopside Eucryptite Perovskite
Glass composition 5102 32-37 45-52 41-60 32-50
(wth)* AlzQg 10-17 10-18 14-24 12-15
Ba0Oj 5-8 1-5 4-11 5=10
Cal 6-10 10-15 2-9 12-14
Ba0 18-23 Mg0 5-10 Ba0 0-5
Na, O 2-6 0-10 0-3 5-8
1120 0-2 0-3 5-10 0-3
Ti0, 5-11 3-5 (+Zr0 ) 5-8 10-14
Zn0 4~p 0-3 4-13 0-5
Caz0 0-2 Fes0; 0-5 0=-2
Crystal phases h~celsian diopside B-eucryptite perovskite
(BaAln5120s) [CaMg(8103)2] {LiA15810y) CaMoOy or
perovskite (CaTi0;) CaMoOy, CaMoOy, Mo-nosean
BaMoOy Mo-nosean (Ce,Zr)0; (Ce,Zr)0;
pollucite [Nag (A18104Nag] CayLlag (5i04 )6 (CH) » pollucite
[{Cs,Na)AlS1,06] {A1S104) ~MoOy] Li-Zn-sjilicates
pollucite
#Excluding 20 wt% fission product oxides.
(b) Conditions for Preparation of Glass Ceramics
Properties Celsian Diopside Eucryptite Perovskite
Melting
temp. (°K) 1470-1570 1470-1570 1370-1670 1520-1620
Transformation
temp. (°K) 830-860 880-930 740-830 860~890
Nucleation
temp. (°K) 925-970 800-850 900~-940
time (h) 5 3-5 3-5
Crystallization
temp. (°K) 1040-1130 1130-1230 900-1020 1070-1140
time (h) 6-15 10 10-24 12-24
Leaching
rates glass 8-10 8-10 3-6 6-10
(g/cm®d)x10° ceramic 8-12 11-12 8-12 8-11
Thermal
expansion
ax107 90-110 70-100 50-75 90-110
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5.22. 75ryxOBE{MNE - FEOHR
7oy ACRTHSBNBOFERIFEESIC Table 5—2-1 @k 91, 19804 T 670 tonsk
1900 &L 1840 T 4E L MEBEHICEMT 5,

Table 5-2-1 : EXPECTED REPROCESSING NEEDS
IN FRANCE

( in tons of fuel)

Reactor

system 19280 1985 1990
LWR 650 1,350 1,750
FBR 10 35 90

BAEEGV S A BEHROMRE Table5~2-2KRT L 9CEKRTS 5 LWREABEREOFR
BREBICH, KBONaBFSPZORERTD D,

#oRED DDA 7 AOMKE, Tables-2-3KFRT I OREAERBOEHICL >
£o2, LWRICBIL Tk, 49S5i0:-13.3B2 05 ~82Na:0 —5.0A1:0: —245FP % AHWn3 L 5T
Brdo, LrL, Bk, F.P.0B% 15 BMEZ TCTHARRIT R ~ TV B LOETH >,

—fck, RESIECHLIZXZY » b 2% BELTWa,

55—



Table 5-2-2 : CHARACTERISTICS OF HIGH LEVEL WASTE SOLUTIONS
APPROXIMATIVE CHEMICAL COMPOSITION (g.17%)
Reactor | Type of Concentra— | Acidity
Burn up . -
System fuel tion rate () . Acti F.F.
Y AL Na | Mg Fe ¥ | cr F P | ca ide | oxides
U.AL/ 500 12 ' ,
- 1. 2 10/12 Light
MTR Pu Al M3 kg BRI 1.8 81 2/3 1/ / El
v . 1,000 30 8 1 3 15
g Sieral Mt 1.1 1.5/2 30/35 | 19/23] 4/5 | 15/17 | 1/2 | 2/3
=
— (Natu-
i ral U- 4,000 100, 1.5 10/2 | 376 | 173 a/8 | 172 | 2/3 5 1 1/2 45
g . MWj.t 1.t
ranium)
%]
33,000 500 15/24
LWR uo, ng_t_l 1 1.5 < 1 1 1/40 | <1 | <1 or O 4/6 75
60,000
FBR U0,/ MW3. € 2,000, 1/1.5 20 15/20 | 1/2 | 2/3 20/30] 2/3 25
Puls (mean 1.t
wvalue)

[10—6L—098N
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{

~ mean burn up (core + blanket)

- concentration rate

= 32,000 MWj,t]
1,000 1.ttt

GLASS COMPOSITION (WEIGHT % ) Reduct. Glass
Volume volume
TYPE QF REACTOR 810y | Naz0 | B203 | Al»03 | FepOy | Mg0 | NiO P.F coeffic. | per ton
+Cr,0; | oxides of spent
fuel
Military 48.8 |15.0 | 14,2 8.4 2.6 6.3 0.2 4.5 5.4 115'6
iters
GRAPHI-
TE /CAZ ) 14.0
Commercial | 42.7 | 14.2 | 17.8 8.6 1.6 1.0 1.4 12.7 7.0 .
liters
MTR 35.0 | 19.4 | 14.4 | 23.2 1.7 - - 1.3 3.5 3.4 m®
67
LWR 49.0 8.2 13.3 5.0 - - 24,5 7.5 .
liters
. | 160
FBR 40.0 | 18.2 | 18.2 | 13.9 0.7 - 0.3 7.8 7.5 N
liters
Table 5-2-3 : EXAMPLES OF GLASS COMPOSITIONS
*

: This example is especially devoted to a former spent fuel batch from Phenix reactor :

T0—6.—098N
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Foo) BAHEEH I OEMTERIODTEET 2, MAXATLCRITOALIBEe - 2- (70
Wi R#HR )KL > CTabh, REEKOCF —F 7B BT AEIC. 5 E L b HER
#qoohteh, XKEHNORELRML TV B,

-2 ) ~{REZEFEOFKMEENR 40 £/ hr T 5,

HZABEMABFAy b, LTmEBITHEI I mAECI S mOEBERTCTHE - Rick
bFMvA rFa-7BEMAloRTnd, MRTXI0KHzOBRAEK L -TiTabh b8, 74
rAAFRELIUBMER T AV, 2L EEAFGTAre=Z0onH ITL, FIZHO= 4 2+
BB, ME AR A, ¥ XFHBICANLRL S,

HoRBMGE, 7v—2sReAF5 2T, REGLREL CEREICADL, M 1150C THB
Ahb, BRFOFAR 10mH. O0AMT, BHBER, #HOHF > =, TE-LNAF v=
AF-HIEALTLE 9, HL, FUVAYF 2 —YOLEBRYA 7+ 2REL EABFS
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A7 HREBE, BELBLTWAHLLWECHLTHE, XRO4ROMVEBCEETD 2,
Duster , Condenser , Absorption Column 2E T3 5,

BHETBERINAZY 72, b0aBER Tl nHE0F v+ =X X —HhREAINS, ¥+ =
2 -~-BRAFRBOIEO# 5 2BKHSL, SHOEATH +=X 2 —RHEBL 2 5, RE
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Figure5-3-~1: Diagram showing capacity requirements for the central fuel storage
facility and final repository at different points in time.
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Figure5-3-2: Waste cylinder. The vitrified waste is cast in a container
made of chromium-nickel steel. The container is sealed with a
welded-on 1lid. The feet enable the waste cylinders to be
stacked on top of each other.
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The waste cylinders are transferred to intermediate
After storage for at least 30 years,
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Fig.5-3-4 : Lead~titanium canister. Waste cylinder with vitrified high-level waste
- in a canister of lead and titanium. Total weight approx. 3,900 kg.
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Fig.5-3~5: Cross-section and longitudinal section of storage tunnels in
the final repository. Each storage hole is designed for omne
canister.
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Fig.5-3-6 : The sealed final repository. Tumnels and storage holes are
completely filled with a buffer material comsisting of quartz
sand and bentonite.
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Fig.5-3-7 : Perspective drawing of plant for intermediate storage and encapsulation.
It is located underground with a rock cover approximately 30 metres thick.
The plant is located above the final repository.
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Fig.5-4-1: Simplified flowsheet of FINGAL process.,
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TABLE 5-4-1

United Kingdom nuclear power and reprocessing programme

Year 1975 1980 1985 1990 1995 2000

Installed nuclear generating

capacity GW(e) 5 11 15 30 60 100
Cumulative electrical energy

sent out (UK) GW(e) a 35 80 140 220 385 710
Cumulative amount of spent fuel

reprocessed t 18,000 27,000 40,000 55,000 66,000 88,000
Cumulative fission product

decay heat MW 2+5 7+5 18 35 60 90
Cumulative volume of HLLW

concentrate m® 650 1,150 1,800 2,300 Nil Nil

4 Operation of Harvest

Cumulative volume of vitrified

HLW m? - - - 250 1,500 2,900

T0-6/—-098N
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Table 5-4~2 Composition and Physical Properties
of Vitrified Solid of "Magnox Waste"

(wt?%) 510, B20 4 Naz0 Li0 Waste Formation Temperature
#189 41.5 21.8 7.7 3.7 25.3 950°C
#209 50.9 11.1 8.3 4.0 25.7 1,000°C
{(a) Chemical Composition
#1689 #2009
Thermal Expansion °c™H 7.9%x10-° 8.4x107°
coefficient
Tg (°C) 443 466
Thermal Conductivity (Wm~l.°Cc™1) 1.42 1.49
(at 25°C)
Specific Heat (J°K~irg=1)
at 150°C 1.01
230 1.25
325 1.33
420 1.46
Liquid 1.55
Elastic Moduli {Kbar)
at 20°C 695
200°C 662
Electrical Resistivity (1og P in)
at 300°C {-m 4.80 5.50
400°C 3.55 3.80
600°C 0.70 1.10
900°C -0,70 -0.65
{(b) Physical Properties
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Fig.5-4~-2 HARVEST Vitrification Plant at Harwell
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Table 5-4~3 Soxhlet tests at 100°C in Highly Active
Glass 209 (20 wt¥% waste)

Glass as made Glass treated Glass treated
At 1,050°C 7 days at 750°C 7 days at 850°C
g.cm™2q-! g.em~2d-1! g.cm™2g-!
Simulated 0.37 x 1078 0.27 x 10~3 0.25 x 1073
Highly Active 0.31 x 1073 0.24 x 1073 0.28 x 1073

Table 5-4-4 Soxhlet Test at 100°C in 189 Glass containing 23%py

Holding temperature Leach rates (g/cm®/day) at 100°C after
Total dose
First Subsequent | (disintegration 1 year 2 years 3 years
Year years per gram)
50°C 20°C 2.7 x 1018 1.6 x 1073 2.3 x 1073 2.3 x 1073
2.4 x 1078
170°C 20°C 2.7 x 1018 1.5 x 1073 2.3 x107% | 2,6 x 1073
2.2 x 1078
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BLRENWIITH >k,

Glass Ceramics i, 7o+ AL I VERELBLTAHOT, £ 24— THHES
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Hk—40 BRI BT LM HE T2 L5 RELTWSE, ( Tableb—4-5)
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Table 5-4-5 Depth of oxidation after 300 h at 1,050°C in air

Material Composition sfz?i? Broagn?ront InterfE?HUlar
AISI 316 17Cr/12Ni/2.5M0 400 0.016 0.001
ATISI 310 25Cr/20N1i 400 0.002 0.005
INCONEL 600 15Cr/76N1 400 0.006 0.009
INCOLOY 800 21Cr/32Ni 400 0.001 0.005
gzz;rééufglly 25Cr/20N1/0.4C | 800 < 0.001 0.004

Table 5—4—5 OEREE, FERBEOFESETH LI, EE - 1050COREY 1 2ot dhid T

bR ER T ok EW I,
Table5s — 4 — 6 EBIFAAHK—40 D 2 ) — 7 RBNBROBREES TS 5,

Table 5~4~6 Emissivity data on machined centrifugally-cast type HK
40 Steel before and after creep-testing

. e £ Emissivity of material creep
Test temperature Emissivity of tested at 1,050°C for
°C untested material
300 h
400 0.86 0.93
700 0.88 0.95
950 0.94 _ 1.00

ﬁﬁ,EETQiU—fﬁﬁﬁ,E%EﬁET@éQT,IMOTf@iUffﬁﬁEmﬁ@
JORMLALtEOEERE®2Rbb2ADD, B4 OHHOFRE, K, n, m, 2RDOAOH
_54_.
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Table5~4—7T% 3,
n m
E=K-+0 .t

ZZLE: total strain,o:stress{£bef/in’? ), t: time (hour) T® 5,

Table 5-4-7 1,050°C-Creep law constants determined over 300 h

Creep Stress Time
Material coefficient exponent exponent
K n m
AIST 316 1,04 x 10712 3.12 0.79
AIST 310 1.60 x 107° 2,04 0.85
INCONEL 600 2,55 x 10713 3.3 0.60
INCOLOY 800 1.23 x 10710 2,28 0.68
Centrifugally =10
Cast HK 40 4,70 x 10 1.60 0.67

CZTHHK-40RBENAMBTH LT Liibh b,

—J, AIRBMT o AR A H 52 EHK-40 EOMIBRONWTHRHEIA, Si0 —
B:03s —Na:0-Li:0 R#7 2L, HK-40%2 B LA FBAELZVWFI LW/ 7 xTH 5 &4k
LTWwa, '

Fr2R2-OFHRALLFLIPEBEREIR TR, BEOHEY, BRF o 22+ 0% 2
Fy=2RE-LCRLDT, B+ AHLLWOBRHEN T 2o T kBT ALBEHERD D
TH b,

HEZT, AR ICHERBERET LIV I0REZE450m, B2 2n0E s b TH 5,
éBKE%GOm,Eé3m§fﬁﬁ®ﬁ%ﬂtfh%®f,C@%%ﬁé&ﬁ%ﬁﬁ%%bf
Bl bETH 2,

EETE, PEEFELLTKEEE2EL TWE, Chid, LROISK, *v=22 —KE
BRETSHD2 L, $LUH 7 2EKFROHLWORN 25 % ( FP=10 % ) & H#ti& < 20
ebF + =2 XL -OBRAMBRELR D, BHLI-THALZEHNRTEZNERADLA2D L
%% bh b, |

KETORMERETR 9BIC, HK—40 % +=2 2 — HEIC SUS 310 %74 SUS 316
HHREIosTa- "R 2Rt bh b,

— 65—
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FRAKPTTa2bABRD, KFTOMRMOBWHEIL L > TEHOBRKHAL 2 L 51
EtEIdh ke 27 L, TOHEE, " Retreuvability ” #BIEHR L TOHELI O &L TH o,
AABBOY 41 MVERERELTWEWOR, Risley OFEERR, BEFE ( cOoHER
public consensus HBELHK {1, FHE 2 ZEHBLEAHNLEZLAL ) KOo2WTHES LT

Wnicg '
ﬁ%@ﬁﬂkﬂf&ﬁ%ﬁ,xﬁﬂ(:yﬁwﬁ,:y¢»ﬂna)umfn%¥ﬁmwﬁ
WKL CHESMAERES L5, €o POREOBERKE W, RE, £, = v+ A1 —2 14
—2 )7 TFHIRE Y P BECHTAERARKE VWO T, BEFEOBAKEF v+=2x 2 -%3
LEUHAEEDOIWEEBERBIKAN, TOELBERLEF += 22— OMICBEFHFAATLE d++=

RE—Ry Y IBIVOTRHEVREEL Tnk,

Fr=RE—, FLHK-40F s t OREF LUBERIC DWW T, BNFLEHfE » R+ &
FTERLITS ko

HK—40 @R LEFHFEE T A L2, RBEK I > TEEMEXRLLL, BEBLIK 2 5L0
TETD oo 2T, HEREEROBFEC L 2MEE LY E-TH b, ThTRITENEZ
TRZENTERENI, BT 2 MEDAD " Reverse extrusion” IR EINTW 5,

5.44 EFH0DZ D

BRBT A 720480 2+ ) -2 BT 2EERICEE L TEL 2 5B{LABHETOREK
AFLAERY, EREOGREOEBEI S-S, Active full-scale Operation RIZHE A B T
naWnwi, EFLAAVMO 7 7 bR EAT LT LT EELRLDTWE, Tk, BIEOY
1P BRFEL, BHROT et 20RELH - CEDThReecDEIEL LN B L, Active—
Operation{C, BELED TLE A7 IR LV EERER L THEDTHRAZL FK LB L E
A bh b,

Lo LEEE, # 5 2E(LicBL T 1986 4£IT Full —scale Active Plant #*#H¥E T 25HE%
b oTnl, AVMEDOBETEOREAETE A bILE L, 19904 F TIREIL 7 » b 28
BH#HIhsZ LEILED 5,

EELE, AVMOEENREELREWLEWIHIRTS ok,
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5.5 I—AuNEEORL HECHIIRROILD

3—5ySQOFEERT TR, 10~20 FLE-CHL  FRECHT2HE - BRLEL THRE
FEEE»rVTHY, TOEBOLK, EEHRE OB - FRKXTL2H5HEd b, #DOHED
e eREd o THEE, '

7FvAR, n—2) —(ENEERAEGERO 2B n 2 T55 AVM 2D LF T L
M4 TR, HLLWKAS 27 Vy b 2HEMLE T v 2 A2 —CfiigT 5 1 RO PAMERA
e+, EER HLLWAA S 2{LBORBRERZ ) —% 4 24K v + THEAT S 1 BEoO HARVE
ST SHE*EDTWE, FOETIERINAS S 2BMGERIBEASRLZDI T v =22 —TA
hTPHEEBRL, BBV AL vOERTE2 Mo TAABFRET 25T & N2 5,

A —Frid, BB I UBEAEE COGEMA KERXTHLWIAHHTCHERFEL OHH
BLTVEHE—CETD 52, BRTEOLAEABIRBOBLED S AABTKICE L —HD
Te 2Bl TEREBLLAAFHE Y ODE—OE TS LLNE L 5,

BRINBHNTHoROE, 7720 AVM T3 h, HI0EOMELRTERBE L AVM 7
v L 197846 BiKid Active—operation A b, T TERBEOBEIIE LM T0xvr=x2
— %D &N G,

ZOAVM oBBE s — v » SEECLE»bREERY 5L Tk, BIVI YT, FTRA
VM%7 7>220bHALTKIk TERERTIFHzELThAL, EETY, BAZFTALT
mko7iyzoméﬁ%ﬁ&fwkﬁ,AVMfﬁyrdfeLfﬁ%ﬁﬁﬁ%,%ﬁﬁﬁ@
RHEEC A FTIHRMEED O A LD LT, # 7 2ELEOBEE, 25 WEREHKK
DNTRLHET LY EAZRHADBTATWLERBL EWEZL D5, T A, EHEKFRHICS
T REABELHRELENLORD S, HoT7 I v ATOLSEOLEBERTE (1 %) 20O
TEDES 5 watch—closely) BB I LR, WIFhite X, ERIhA7 7 OB HERL%Z
Wb I nh & B o Ko

FEHE s —ny T4 rE, THEBRBEZHBMAL, WFhoBMRTL BFTOEL - FEO
MREROCBEREHBL, PNCERIT 2 19TTEEFHREEARBCTFEL (i, TOHKE
Kt+ 2RGEEBO THEBT, REACOWTBFIBARY 1 2 v ORBEELEEOMNMEAD £ L
DNBBLEVICERELEIBREEDTILLATSED 9, —F, BBICELTHEALEO
o= 2— e tBhid, HE, BNSHOESE» bWnoTE I ROGEE L2 IO 55
LNt BIS5RBRLTVWS, —F, REBEAMKRMCEL TR, 7—r v Tl HMI 23R Y
FAEMZMEL TR L ERWTHRSTETH 7 AEETEL T EHBELHR L R ok,

(PAMERA ©#5 €~ x—&F~t) 2 2BILs# 7 xALO—ERTH50T) &

Bt LD, A7RAEILTHELTHDEIABLAMFRILEZwF#HE Lot D, TOT EHBT A
' ~ 67—
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VALY LEVERAT, DROBVHAREEO LA EERN T L 2 oTWDE L 5 KB £,
ARE—=F M, 772045 AEEEEBECTFMEARL CHBRRBLMLTArbATH S

ORBETARD &b Td 50,

VA», 272y WRBHIOBxI D, T4, 2, L, BT,

Table 6 —5 KT 2 2 BRIFRIAERIATE D, E4OETHRLTWVWA Y7 AR H

LE->TFMRED LR TW B,

Table 5-5 TIME SCHEDULE FOR THE PROGRAMME

YEAR
Programme Ttem Task
1977 1978 1979
1. Development of common test equipment Joint Equipment already available
2. Study of teﬁperature effects
o
2.1.1, Leach test A Base line (coupons, various UKAEA 1 At 100°C
test temperatures), (imaktive, simulated WA% Various temp,
waste) Hrzzzz7zz
2.1.2. Leach test B 5-6 waste blocks (incl. CEA Make sampies
making all blocks) Leaching
2.2.1. Effects of devitrification on leaching UKAEA 2
rate Annealing
W leachi
2.2.2. Effects of devitrification om structure HMI A% i
and integrity of glass
Acquisition and testing of instruments /,//////////%Z i~ 7
3. Study of a-radiation effects
Make samples
Leach rate, helium release, stored energy, UKAEA 3 Irradiation
microstructure and production of samples ] Tests
‘ [,
4, Production of specimens for 2.1.1., 2.2.1., UKAEA &4 prrrrrrrrt—————T——— !
2.2.2. m _____ —_———
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6. HLLWEHL - BB+ 27> /5 -2

1978 F 12 A19H X Y 12821 HETO 3 HIW, Denver WRTHEOKEHHFMESE Ao
3t [Conference on High—Level—Radioactive Solid Waste Forms | & L, NRC
(Nuclear Regulatory Comittee) K LoT, &L TEREEHLOXEHEEI 2TAE2IT L
£ BEE LTEHRERRT 5% 0 CHEE Do

ZEMEEH 2004, KEL>E 5D s KEO0FEFOMIT, BF, 77X, #ifl, Rz—F b
LOBMD & ol RKFO T v 7 5% Table 6—1CxRT, 8281 H, £ 2 AETFEE,Plenary
Session &L T, I, Vitreous Forms, I, Encapsulations Techniques and Fail
—ure Modes, I, Spent Fuel,Crystalline, and other Forms KA T, +hFho
Session TOHMOFRBENEINA, B2 RBE¥IE, Workshop ELT&EMEBEHRLEDID
DA —TbhhTsrr—THRBERTE LI A,

Workshop #1 Criteria for Solid Forms

Workshop /% 2 Stability of Alternate Waste Forms

Workshop # 3 limitations in Predicting Long Term Perf ormance

#£3HE, LEL Workshop OFHBmAED LT LHH LT, Plenary Session ©F LD
Ghdboke t, HIBRAF/ARE, BE2HACREAREGHTAETNEEI N, FAS TR LK
FBv=3v MK (Senator, Dr, Schmidt), O, BHL T Dr, Etienne Roth (Cen
—tre détudes nucléaires de Saclay) © v7 »EEKBE T, HEI D ok, FREICH
BxzRELCEAS A —>F—7 2 LBESIHh T,

6.1 Plenary Session

ookl , I, IOFHER#E>T+FRAPRLhOoXTFELONWTEH, 65118 OB THESE
Ahk, TNFRORLOBBZIKROBY Td ok,
6 1.1

Plenary Session [, Vitreous Forms
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Conference on High-Level Radioactive Selid Waste Forms
Sponsored by the Nuclear Regulatory Commission

TUESDAY MORNING, 19 DECEMBER 1878

8:30

12:00-
1:00

Plenary Session I, Vitroous Forms;

Dr. Robert B, Leachman, Chairperson, U S,
Nuclear Regulatory Commission

1. Welcome—Conference Information

2. Relation of Solids to Waste Management—
Dr. Fred A. Donath, University of lllinois

3. Physical Properties of Waste Glass--Mr.
John Mendel, Battelle Pacific Northwest
Laboratory

Broalk

4. Microscopic Properiies of Glasses—Dr.
Pedro B. Macedo, Catholic University ot
America

5. Large-Scale Waste Glass Production—Dr.
Claude Sombret, Centre de Marcoule, France
6. Surface Leaching—Dr. Lawrence L. Hench,
University of Florida

Lunch Break

TUESBAY AFTERNOON, 18 DECEMBER 19738

1:00

Plonary Session 0§, Encapsutations
Toechriques and Fallure Bodes; Br. Annie
Sugier, Chairperson, Commissariat a L'Energie
Atomique, France

1. Corrosion in Canisters and Claddings of
Various Metals—Dr. Martin Molecke, Sandia
Laboratories

2. Ceramic & Pure-Metal Canisters in Buffer
Material—Mr. Per-Erick A, Ahlstrém,
Karnbranslesédkerhet, Sweden

3. Interface Interactions Between Solids—0Dr.
Robert N. Anderson, San Jose State University

Break

4. Matricies of Wastes and Inert Media— Dr. J.
Van Geel, Gelsenberg AG, Federal Republic
of Germany

5. Thermal Stresses and Cracking—AMr. Steven
C. Siate, Battelle Pacific Northwest Laboratory
6. Surface Loss by Exfoliation—DOr. Thomas
Tombrelio, California Institute of Technology

5:00-
6:00 Cash Bar

&:80-
7:30 Banguet

Mucloar Waste: Politices and Potential;
The Honorable Harrison H. Schmitt, Senator,
New Mexico (Ph.D. in Geology from Harvard
Apollo 17 geologist on the mogn)

WEDNESDAY MORNING, 20 DECEMBER 1978

£:30 Plonzry Session Iill, Spent Fuel,

Crystalline, and Other Forms; M: Williar
Holcomb, Chairperson, U.S. Environmental
Protection Agency

1. Containment in Cement Forms—0Dr. Della
Roy, Pennsylvania State University

2. Calcine Production, Storage and Conversian
—0Dr. Bill R. Dickey, Allied Chemical
Corporation, Idaho Falls

3. Properties of Spent Fuel Pellets—Mr M.
Dean Houston, U.S. Nuclear Regulatory
Commission

Break

4. Uranium Oxides in Ores & Fuels—Dr.
Heinrich D. Holland, Harvard University

5. Crystalline and Coated Forms—Or. Gregury
McCarthy, Pennsylvania State University

6. Metamict Degradation of Crystals—Dr.
Rodney C. Ewing, University of New Mexico

Luncheomn

The Saga of Nature’s Reactor at Olklo;
Dr. Etienne Roth, Director, Chemistry & Material
Sciences Division, Centre d'études nucléaires
de Saclay (among original researchers who
confirmed the Oklo effect)



N860—79-01

WEDRESDAY AFTERNOON, 20 DECEMBER
1978 AND THE BEGINNING OF THURSDAY
MORMING, 21 DECEMBER 1978

1:30

3:30
Break

Three concurrant workshops for open
discussions: To initiate each, two short talks
will present suggested issues from distinctly
different points of view. The chairperson and a
rapporteur will write the results for presentation
to their workshop at the beginning of Thursday
morning, 21 December.

Workshop #1, Criteria for Solid Waste
Forms

Chairperson: Mr. Robert Bernero, U. S.
Nuclear Regulatory Commission

Issue Presenter— Optimistic: Ms. Karen
Adelson, Westinghouse Electric Corp.
Issue Presenter —Cauticus: Dr. Thomas B
Cochran, Natural Resources Defense Council-
A discussion of the ability of regulators to
establish and 1o adhere to sufficiently
meaningtul criteria of solids to achieve safe
regulation in high-level waste disposal.

Workshop #2, Stabilities of Alternate
Waste Forms

Chairperson: Ms. Leslie A. Casey, U S. Nuclear
Regulatory Commission

issue Presenter—Optimistic: Dr. Rustum Roy,
Pennsylvania State University

1ssue Presenter—Cautious: Dr. Robert Q. Pohl,

~ Cornell University

A discussion of the ability and likelihcod of
learning the charactenstics of alternative waste
forms and utilizing these in the chorce of the

~ optimum form for actual disposal. Included are:

results of the National Academy of Sciences

“.Panel on Waste Solidification: scientific and

, engineering properlies; present knowledge and

abilities; schedules; and cosis.

Workshop #3, Limitations in Predicting
Long-Term Performance

Chairperson: Dr. Richard Wilson. Harvard
University

iIssue Presenter—Optimistic: Dr. Bernard
Cohen, University of Pitisburgh

Issue Presenter - Cautious: Dr. Terry Lash,
Natural Resources Defense Council

5:00-
7:00

7:30

Systems analyses which are used to
predict long-term performance in waste
disposal have led to a dominant rehance upon
geologic retention, but an insignificant reliance
upon the post-emplacement durability of the
waste solids. These pregictions are pertinent 1o
the extent that all effects have been anticipated
and that the data are measured and accurate
The discussion is whether basic rehance is
wisely placed upon such predictons or
whether, alternatively. the durability ot solids
has importance beyond transporlation and
retriavability.

Cash Bar

Prosently Unscheduled Discussion
Groups

THURSDAY MORNING, 21 DECEMBER 1978

8:30

2:30

1:00 p.m.

Workishops (3 concurrent sessions)
continued for amending reports

Pienary Session IV, Assessments;

Cr. Harry Landon, Chairperson. U.S. Nuclear
Regulatory Commission

1. Workshop Summares by Workshop
Charrpersons

2. Detals of Forthcoming Disposals—0Or
Goelz K H. Certel. Division of Waste Products.
U.S. Department of Energy

3. Conterence Summary.- Dr Hans
Fraunenfeider. Umniversity of tiinors (Chairman of
the Review Commuttee, Amernican Physical
Society study of Nuclear Fuel Cycles and Waste
Management)

Adjournment

GRO §3R. 70
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1 —2 EEBEEPERIBLIOBRF
Dr. F. A Donath
{Unv. I11.)

HREE» LOBENAERED, DAL BT K~OREOBRHE LT OXRE, QBT K
BOEGLEIOEE, QP TOERGEC L 2BEEHEEOBLOBEKEEL T3, B
THED LROSERCKE WEBE 52 5, BRI TOREWHED, HEY - TEOHM
e FELAabel - WENEKECERC Kb N2, BlhAaHhEMNERET COT OEH
B, % bOEHKES>TFESAETOARER bRV, REVRER L EXYREOESH» 5
WEMHORBIM AR IEETD H, HEEHGHE LS ORBW ALK E 2 BAT - B
B - (EE0R b U RCHA N, KECHER  LEHELS c OMMTCH % b OFEE TEFT
BEBbIh D, BUBHORLIEEWORBE LI NOPREET 5, RARTBEHTCELTNLE
L, R+ BRIz WHBHETORKOE BT T LHBETh i, Lno0RLTOEHEREY
HELMABOBE* BRI ICONILL T I, A Y LETW K I > TRER LA IEEY « &
etk GBTK) OMERGOEE*RDICLREAL, LAdosT, BEHOBLAEER,
XA DEDEE, SHEG, PIUBEOADCEILAGNOMEROZEORE LI HE
ET+rr9IHRIhhdzbin,

| —3 BEWISAOPEMHEE
J. E. Mendel, W. A Ross, R. P.Turcotte, & J. L. Mcelroy

(Battelle)
Koy ARS T R OMBEMBEER, &Y~ EEEREENORK &5 O b O BB CE
ALTWA, BEMFZAGnEnWARFETHELNR, ThoOBEEMES, HE, BT =R
BERZEFROVWTIHRF I, 280 TREFLEEIFANLILTwE, BEYWH 7 23T <
nE B R T BRAETO 10 £Ll LOBBRTHE, # 7 X OWEE PR L7 KT
CLoThAEBBINE v, *+ =2 2—NOH 5 20 HORROLB L LBND 2 o 5
(LI 5 B ZOH A B bh o, #7 ALAOELE @lad Supercalcine) W<
HNTHEEESIC L B BEELL D%, BEBOPBL & \vo BHRRIBABHICEDET
25°~330°C, B4 A AkLHEKFTHRLNTE D, s AE{LEREAhAHBEONOKREZTD
BHECHT 2 BBLRHEA T B, K AAOLtEBL T, BERBYME Th LB
KAGCE: B~NE T, MEORECERERS, THNEE, REVHBONAE & AR E
Hedbh, BEORE TR TOERNWONRLO 0, MM RASH, KAOREL & #ka
BEL 2D, WFRICLTHE S TE, BEWMORT, BRUOMEE, ERMH 5 = Ol

Blikbh, # 5 2AREHDLREPELHEO—2OTE DM, BBK7 7 v AL W TEREKER
' -77—
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CAB L2 THEINAAVHMOBEOLOLAE>TWEC L E i~

1 — 4 HoZ20mMAMYEE
P.B.Macedo, C.T.Moynihan, J.H Sinmmons,

R. P. Depania, & E. N Boulos
(Catholic Unv. Am)

BEREWD o OEYBOBREBLAY 5 AOETACS 2T RKOBRERIC L - THES 2
BREDEEHHABERCN T 2 RAORELSNCEL L LB LTS Do HTRPE5 3 v
AR TOMBRORBEOLORERMLEMEZATE D, ELAR F VARHEOREL % 2,
HZABROIDOMERETRT. QU—HAM, ChEBET2F /4 FERBLTHRy b 2H v
PERET B, ORI, ThEDBE A vABR TR, QF 5 2EB, chdBERKOD
%ﬁtﬁm&#ﬁoﬁ5XE@ﬁ&ﬂzéﬁwﬁﬂKﬁﬁﬁmﬁéétk%&ﬁ%xbVZ%%
£F b COLSRBEREN, BEGILRUKHNBRHEICLE 223 2  OREL FOMERD
—HREAZAOBRHELEHRILCE, LA LH A LEROREBERBLTEEE, #5213
%ﬁ#%w@ﬁﬁﬁféof,&%ﬁﬁﬁﬁfﬁﬁmﬁﬁ$,E&ﬁﬁ%@%@ﬁﬁbhéﬁ,
BHBRRECBEROBBRBAERT 2 v, HREOBE, BEE® 8 BB L - THEE s
TRELED, 2232 VRIS TAHAZABREALELTEHIT 22, # 5 = ICE+nH
DPENVENL Do TOM, MREFRREICIZF S XOMEBEEOL(, = b v aBEQR
i, BUESh KL 2RELEROLOFHRLCOWTI BT IN o

I —8% XBRBETOREVHSIOBSE
R Bonniaud, A. Jouan, & C. Sombret
{(Marcoule)

AVMIZ 1978 £6 AERB LA, 207 2R3 77 vy X COER LARTRBCERE LD
b, Oy FHAOPIVER »OHEL T, REOC2ENOAZAREF N 2ok £O
BEI1RIv—2) Ay REIZHEBETETDD, F2REAFA Vv 2 « Fuy P RILBEMTIE
Thb, 77 PEF. P. BUEEKRIL'h OMETCLETELLORKELRTE D, Ch
THIZRELTI5~18kE/ 'h 2L TE B, BEHI0 kE OHFZRDAoAF v=X
A—1sHBHLOHh, TOABEBERERIN, A0SR OFRBRFCHERIL L, 32
HEEDEOBRFEC LR L, BERBHE IR T 4 - F2s 27305, EkoREWE K
Th, BRBMT A0 CEBIKARL b b, '
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26 AMET bhks ]l BOREIEE TR 30CL/L OHLLW %M\ T 84 ton®# 7 =,
539 180FOF. P. ¥, 530 ton OEAHEMREICANLT S OsMBE A, K v}
2000 BEOBBREL 55T, | EOBMEMSRGC M, 458 BH, SAMIERR,
10° CilETHh B0

HeuBEEEoRhoP tRE AFBEEREIh 2ok, BRELPLT I OH R Cs T
55, Ru OEBECRUDERNODE I HRFTENA, La Hague TOBREZT 7 v FiCHK<
FLRECME Y 5 b RERERETEIN, 1980 FREHERINE TS S 5,

FAwk# 2l s18Tdh, 3EEDL, #7=, SUS BH, 57 ) - AR
PEEOEBTEEIN b, RAESIAABORRRER 100~150°C T b,

[—6 HSARCHSIRESIvIRORERE
L. L.Hench, D.E. Clark, & E.L.Bower
(Unv. Florida)

RPEORBEWEEN I RARHATI AL I v 7 20RERETFRT 2R OORRTG K, ARL
B, #7 AREOBAESRIN Ak, [Hench D5 20BE=TAM] K LAHRLE, Al,03—
Si0; REBHENRETE L, BHEBET T2, EHOY —~FRAKIABIFALOWTOR
HSEBRT Na OH4, Ca OETOWL, Si oKk, HOMKARMBILRA LA, chbO
BrOEHEE, QXRERLBEELED 2 2O0EBRMTELLEREINA, :ARBBOEIOE
b BEROBEM (V) LEMLAAZ ROREHE (SA)tOoRECHLTT = v + 35 HEEHFE
L, ch#HLW SBA > A0BRBRAETKAEHTLE L e r Lk 2OFEE, S$i0:/MO0
MO H%ZL 23 2HREMOCr 1BIEY 7 ~OERTRIMBEI R ThA NI 2CE&HED
r ABEZEPCOWTORTLHETZ2 LT L, BHERERIT T HREOERE,
Li;O-SiO: ZOF—BHOH > A EHBRECOWTIREARELAECHET L LETHR 5B,

FABHEEE R — AV AL DIREAFFERNOPREL, F+=RF-0OF -~ -y
OF V4 vy EEFTOBRCEERD D, CALDVINEAEROEEL: <y 7 Ao HRAFOE
BeFIVrABITALODONTHN R, BKEHALOH T+ ) 270t vORA, IhHEBELE
ﬁﬁm@ﬁﬁ:SnCs@E&ﬁﬁ@Em,PHQ%@ﬁ,%@ (SA/V) & OBIRTH~<D
H o
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6 1.2 Plenary Scssion I Encapsulaton Techniques and Failure Modes
I—1 #HEORECESTEAELNILEEZENAF: +- AV —0OREHE
J-W. Braithwaite & M A.Molecke

(Sandia Lab)

H/EER (geologic isolation) EtWIRBETT, BU_ A1 BEWEF v=2 2 —#E%
BEZCOHBHOWMRRTbhA, T OFBRAAEELEE Y — 2 (bedded and domed
salt), WHEE (sub—seabed sediment), RUBRBEOLFAE (hardrock) L4H+RERH
BEH L TETED bRk BEA « REBE, = =2t HIH, BEHBOBEL &L RAHERT
Y. BEOLEHK, TCRE, BKE, FROME (PH, #H4, BEBE, B8R, X5 &
B, BR, BKE), Bi, BHCSHMBERY, 2 b v, S8, B2 EaHNOBRICH
TORECPTORERRIFTEBLOWTHRHAINTHE, BT Xt IKid NaCl, Na0, #k
ZEQDBBEFAVWLN, REOFEOEBIHBFT I Nk, 2ABHGOTEA LOBCIE, D@m=
E—REE (0~24F), QHRMLUTEHM (5~25F), QMMM (100~5004F), @K
THEHBEOHM (> 10°4) nERIhi,

I—-2 NRuIZ7HEPTOERSZIvIEMEBF Py —
P.—E A Ahlstrém
(Kirnbranslesakerhet) ,

Rz—F QKBS OFuvzs b T, BAEIABAEOMBCEL <14 5 < EEM 5 4
BT 2200 =22 -ORBRECOBENVEDIR TWi, CRIHBLSOBECH TR~
OHHAUBEEOSIBRCHT L TEMNBEL 22, 2EHNEAMER 2BOMEBF v=X 2 — >
WTfTbNhio DEIBVSA A I AREDICHLTHEHSB « 7 2 > Bpt, FRBEIRBET LT
GHMSmErAbh e, BRRASEBEEGRE (hard crystalline rock) P L3 h, GFIhics
YERL—BSy T THF, O Y RPMOREEE L ORLFRBD I N, B F 22 R
REEDE<> 74 rOREYH, AKE~NY 54 bR Ev, BEHEENFMEE, §iEnd<
EB 1000 £, #T L HXERORETTREIOC 10 50546%, 2 A BEERTIEOSS%
HMGTcasz e FREILES,

ERMARERL, TATLIFOEIFI v 27 H*r v=2R2—CoWnT3Fbh, HIP Kihw
RECBETOEHOAWT 23 FEBOENLTHEERD 2, T2 3 FREHHOEZLCE N
LR « BHAEFREL o Thd, ECEAFRBLHRELTCE « A€V 2 2 v FOH 5
I I v s AnbEBEIOIMIINA,
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I—3 BHHEMOATEEEER
R. N. Anderson & G S. Selvaduray
(San Jose State Unv.)

EkEEY  + v= 28—/ BACRE+ AL COF. P. oWERE2, 1800, 2000, XU
2000 7 4 — F OBRIOLAMKF T 2 EABHECHL T Z2ENTTHRE I L. BER—EHE
RELE L COMROBRREED, BE, BE, KIGERBOBRC L > TREINL, BHMO
K& X CHRENET AL 9 AENBERED KES, BF-—REREORTRAHE (DS, T
EAELRBET 80, DEOHX s LR TA2EDHRNABELEAT LIOCRL>TL LR
FARBEAEIENC L > TETTARE, HIGHEERENE & 3 IWHKT 5 & SERBR
M EL b, ChLDBHELL, COMRBENTRS2EEF v=2R2 2 —LHIT X, €7 I v
72, ABOBBOREYEE~ ) v 27 2 LOREBRIGOERELEFBLAIOTD D, T
X >TF. P. OFHICHT 2 THENEEOFHE e LBT A EHTE o

1—4 SERUZOMHOT MY v IRADBESLNLEERORM -
Van Geel. Eschnch. Dobbels. Favre. and Sterner

(Gelsenberg AG)

BfkAanhAiBUrv L1 BEWErELE~ ) v 2 2AEP~RRBT 2oL BHE, EEY
C#%E% host 254 5T & Th D, LEHRUBMNERE, ECANRURHEREES
BHEO< ) v 2 AHBEOWTHE IR AR, FIC, BRRETAIEEGRIONABEFr NI,

Eff GHOBEFTO, 24 "BHBEET OFHETTOEE~ Vv 7 2~EHCthid
2B —X (Vitromets) OBHALEENEREIN A, REWEHDIOF r=2 - 0%,
BURAVBERAA T RES o v 2 ICANDB LD Vitromets KEL b B L% PP T 5,
K, B, AR EFOBRPCFTIHRTE T IZFEORENBAOhADR, TLEA
ENEOPILF +x=2 2 —HHREI->TETIBRHRIZT IR TN S,

AEH o OBHRCHT 2EEN, EFBEVMOREYHRBOIOLEBIh Rk, T LT V=
itromets MERWOTEREN, Fy P IFRRF—2 P -2 FTOY¥TERETOT LR
F—2KEoT, BMMNICREN ko
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I -5 BULNILEERHASIPTOIFLILEN
S.C. Slate, L.R.Bunnell, W. A Ross,
F. A. Simonen, & J.H.Westsik, Jr,
(Battelle)

AZAEAENREICHEC, BHAICL RV, TAEREBEETD b, BYNTKHEL T &
ECH B, THTEMMEE LTHE | OBBEE L THBMCH o Lin LANAET 2o 2RI
ROAF 7 20, ONWRKE, @2 vz BRBOFR),OF %R EOEENEL bh b4, ng
RELTH 77 » 7 ERABEWRL, BHEZ B, 3 M- HREEDY, Bh~0050%
Rtz T, 2FQ0HFARBCTE, <y FFHR, BRIRRERD 25, Oli @4 *vv i
TR TR EABORIEHKE, BT+ X 1OV 0L R% b, ShoERE % 5, @R
KT, IBPTOZENR (KI)oRECHEALIEL bR, BEF TEESEC REIERN O
BREDD, A7 BETF D, ORI BB 2 vATHE, THRLBE, AU BPESCEETH
REDRNIA-2E 2D RAREDLROINAENC L 2 XREROBMOBE $ B+ (NHE), @
WEOBEE, BB+ WETORRHFEL bh, REAWM, HESAE EX 92282, =
YV MCETIHLRRT, BBREE L ROROUERLH bk, T L CTEEYH 5 2hT
©277y70RE, FEREAK =Y a—a T 22 5B TEBE 05 EHREBA, '

I—6 MBICIEZZTORE
T. A Tombrello
(CIT)

RRAZ=0 9 =) v 7 (weathering) i, AT # 5 % 0 BIIEE M (€ KT+ ZHE BES 2
ETHENEREREEL (SN B, BRGTOMEL, EEZUASH Y5 2 LEBEREAZ Vo oY
Y RELCHZ ARBMOKMCERL TR, CABTANVOREL A2 L BEORL LB
KMRECHRE I 2BRTDD, COBREI+WI oM, REKSTI2ERDThe s 5
»2 BREL, KNEBOHHERET D, BokRTA L V(R D, BEMEL, — B
Elro TOHME, HREL, Slhz2 ERAFMBBKERLTED, TOEE TERIRLT WL B,
TELLEIOEME tCHHAL, TOREOEMI=R A% -2 189kcal/mole T, KB
RO HRBRETH LT LT i, KMBEEEWAILE 200 HIE, A2 TO T
AAYVEE intrinsicZH, 0B TS %, —FHCa & Fe dHOBMEND 5,

PO—DORMBMMT, PLEBROEZ D tektite glassid, 7oaY) Badbn ¢, kis
(FE%V, ChBEBEKMEEL2IDLB DN I0T, TOEFHOELATIRE, EIWnSr
BRTAT47 2 BT 5 THEERD L0 TR E VD,

- —82-
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6. 13 Plenary Scssion [ Spent Fuel Crystalline and Other Forms
I—1 A E2BFRCULLLEEEDOBELRERE
D.M Roy
(Penn. State Unv.)

A PEE e FURARFEARV S REWERBLT 2 BEO0TR2MHRTHD, TOR
E@@%ﬁ,Eﬁﬂﬁf;hC&,ﬁﬁ&Mﬂf@%C&.ﬁﬂﬁ&bf@%ﬁ&%ﬂfhét
LR ERBROBHK A 2T, HEATERICZ2EBEWESCHEKE, FAIKCIRIL
ot Ay PUBERZEL Lh D, TOREWMEFELEOHER, BB, BROFE, TORE
HELBRELODWTOWVWEIWVWEOMES, BREREDRETEET 2L EFrbREIah
Ko BILEEL A 22 VOMERLEETOEMAEORMR, v~ + BlLhoBHE (Sr, Cs,
o— Hath) OFE E2EHEN, F+r> ~OEKB, EB< 1Y v 2 2~O0FAOCTIEHK D
WTh AR bRk,

I—2 {FEHEEORSE, FEEIER
B.R. Dickey, G W. Hogg, & J. R Berreth
(Allied Chem Col)

BUrorBEReEETIEHFORR, EEGOTH c RUPEFR, £EE{LY o+ 2 & O,
ﬂi%ﬁi@%ﬁﬁ ENRPFR/ Ik, RETIEOCOFERT v 7 3ERHKET LA, T2Hb, 7
4 — VEE, HEEER, 74—V - BHBLER, Ve v AN, LR, BEERBLEH
%, BREWRIE LESE47 # AtkE, BHET=2) 2 FCHASS ARk, PHE R EY
R, BRERE, RECREY, BEEDHEL LToNEY, BRL4LSOcbORoREOR
fEE~ERT 2B E0, HRECHEELZ AR I, FARRCHECEER REGOM
BXrBHBECEhk, TEEFEE o tx(n—2)e 1y, 27 v —(REE, HERKEEICONWT
OEBRAT LN, FHEKE, T2, BEFECER2EE+RETREEN LoT A%+ » 7
BELHPIC SRk, RERMABNFRREBLEY S~ + b o&EF2H LV <~ v BEWE BEEL
TAHRMBORETTERICEY. T b,
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I—-3 ERAEFABHOBE
M D. Houston
(NRC)

BREOBHEB N7 7 vt 2 oOBEAE> R OBHESRT I hk, REBOHEER Y » o
T HBERC U0, vy 2 AN AL OTH D, FOBBTICH « 2 LEE « WEAZELHIRE
CHREEORCT, FRFPRIC L oTHET b PILEE P, OLR, F. P, OBEE & KH, ~
Vy POBENEBEE, RELBEBTOHAEER, yr v {1 OoBARELRELEz End 5,
RAThABAUBBECELAROFORKOMBHLSMHEE, D% b SHMORE, Sk,
HRER, BR @ICL5 210, BOER), BHEMLAECWEOBRGE, 2t vaRAeL
Fak EXBRHINI, tE - EPHEHONEL S, FABIMEEO REEAZE I £,

I—4 SAEEHBBPOBIELY S
H D. Holland
(Harvard Unwv.)

K&Y 7 vy EBEFTOBRMY 7 i, UOp+x(067T2x>0)AVWHEKE D F7=v b =
=24t tld, BE ThXARBLHETERO» %2 b OED, UraniniteBEFOUTEET 2,
KRBBEFOUOBHBEI U OBFEOHM TRKELET I LEbR, KBFEFTOUQ+x DIFHE
BEAUCHLUM~ORTEMH I LV 501 U0 +x OBEHER, UO; cH,00%Fh LY
bR bNSNTNRETH D,

KERCEMT 2ERABFIABRBPO U0, OXEH, BEOHB L2 OBERKKEL TY 5,
UO, OBMBHEER 0~23°C OMTREBFEOF - 20 b AT TE S, COL A2 BUFTO
BIAREBECF T URBED, TCHEPRPC LT ABRERBEEEL TS, pH & NaCL BEOD
B L LTDUO; *H, O DFEMED 90°C TRIEINA, LBLWNAWERERKEEML AR
OEPEIEBRBOTROEFH+HML T T L0 E, ELEMOERNXLETD b,
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I—5 #REEgLia—Lt=nitEE
G. J.McCarthy
(Penn. State Unv)

A8, FE054L bh ABENBREOT THELZETHLIREYHBATE TE 20D, »
(L EBTED TV ABRBBLI -+ ShARBBOIOK, *vs4BHF 72T b~XTnen
—salt OBETTAE WHAME LD b0 55, super—calcine—ceramics, SYNROCK,
MU coated supercalcine—ceramics B%Z VEWFREECEWTY, REZTA®RE
LDLELLRTND I 2OBRAERREYELCHERBTD 5, WOJIO 2 2OBELBOS OHE,
FTOMENREDO TR AR LoTAKWIAY -2 qINbZLERLTVD,

M Titanate ceramics : HLLWid titanate/zeolite 4 A4 @Az A3 h, LHhEF
s b FLURERDB, @Cermet : Bk urea 2 bREHLFMpE L I &, BHEALIKRF
DEHETEB <L) v 7 ALK I b, COMAOBRHEEERT AV TRREHPBETHELN
#oo Titanate&f T, Cs @ Aluminosilicate SritPerovskite D Titanate ~,
AnE Fluonde = Pyrochlor B® Zr 0, * # TiO, ™ OHEICA Y, Rutile bHTHT 5o
Cermets T, ¢BOBY, RULELFH ELTHL A AluminosilicatediCs, St &

A, Fe-Ni &&=t ) v 2 REE b, Supercalune—ceramics @&, Cs i Pollu—
cite, Srit Apatite # &, Anif Apatite,Monazite» Fluorite #EHER/RTH 5, T Xk,

“Dirty” supercalcine & LT Naphelite#EREZObDO4 D5,
enooRAEBLER, Br<r Bl L, ELRENAE ML CRETR LR, £0O
vy MESHERBEEATTONR, ko PPV 2ANDH, tRE I -FrABREEE< MY

v 7 AL AR bR, BE*vr=22 —RMEh b, 2 —F v 7ABICE, £E (Fe, Ni, Cr),
4B (Si, SiC, C) AUBHHEZAREBEETA»I> 2 vV BFRTE S, 29— I
CVD ¥EnERTE 2,

BiFEA—=2 707 THEEDSYNROCK ¢ ERERBO—2TH 5, thid Cs # Hollan—
dite, St & An % Perovskite XU Zirconolite KEE 3+ 24xc®H, 1100~1350°C ©H%&
B OERRERF T—AERWE LT LRERBIKT 50T, 1 XERTOLOTS 5,

FEEAHARIE 100~400°C, 100 bar, 1004EEE L, KR TORBKODWTHiFIhNEE &
o, TZHLLWORSHE C OMBEO compatibility2BHICT 52, BT v+ ODEHM
kM ETEREOHES, BRAOHBEILC>DNTO consol idationfBi, HFEBERBHEZ SOV T
REDHBMBETS B,

-85—
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I—6 XHZUPRE, SRATORHGAS
R. C. Ewing
{Unv. New Hexico)

BEMLAAHR L LTON 7 20 BECYT 2 REMOoNHBEGODEL, ERWEHHO
MO AT A ECEER BN L 2 50 RRCH Bl A 7 $ 7 (¥, HSEH MR
DFMIC—2>OERET EL 5o A 232 VEPRIEAEBR A oA L OBRBER T —HIEREHL
REFENOLDOTH S, BILHP s A METORABBAEBA 2L I BETHEZ VSR, a—fFE
FEBEECILBEGH A 232 M7 o e R ELALEETH S, £ 23 7 P SDORTRELHY
DM BHBOFMETHEIC L, FICMAz 7 » 7, KBZ(, BRED L 5 2 WEM « LM
HEEOLENEFMT 2O IBLD. #2327 b EFA£3 2 (BlLf thorites huttonite)
OB, BFRBHECHNTIEHOBEELHEORKE (susceptibility) OFfioEE+s 5
A B, ThooHOEHEO RS BBEHERE, #9% (FiZ f huttonite, thorite, zircon)
FIRARON 2 BAIMBRBGEORRLEBRTZ LICL 5T, BBk C & 2bb ok

V-2 guogktomasonxa
G-K. H Oertel
(DOE)
TAYVHREFH2HLWORREZRN, KW TCOHLW BT T 5 v 25 2 OFIHEIE, ~ &
ARBEHOBOSRKYE, BEOX, SRABRE, $20E, FETER, *Lb0RBLOWT
wlko TR, KALS L BLHEORE, RUBBIKHT IBEOEHABL bR,
THIRHEEZEO=F A+ T 2, |

f.p. & actinides

solid forms
(glass, ceramics) -

engineered confinement

canister

geclogical formation

host rock (hydro-geology)
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BLEL T07 m A LD TR, WaLbRIRT~EBH, fli AHB, BHE, B%,
FEREEND D, WFhIELEEIhhEE2 LRV, TAYV A THE, 5% CIREERE, ¥ 75
X, y—Avt, AT $ v 27 %, Supercalcine, &B~<t V) v 2 AR ENRRFTENT
kzl, AEBREWTIH4 2ECHRBEERIN TV, TALDR T Y2 —A® 2 R+ 7R
ARhTnEED0L Db, HRRATHE, BEEPHEL L TRNIKAHZ 2PLLEEoTWES, €

OO0, Rl TEREWEEIBRITTNETHS %, TOfM, UHHLFIFMCoONTIE
BMEE Y TAVLENRD L
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6.2 SI—TRHH
R ® Workshop (a1, #42 #3) RAROLOSZBTELLNE, K&r—-T, BEE
(chairman) & AOHRMAIREE (Issue presenter) % &, HABHESO— AR, 55
B, fho— Aﬁgmm&4%K¢ofﬁﬁ&¢“,mﬁ%%ﬁféoCﬂBGﬁﬁ%ﬁ% B
ROETRTHHBHZHNRELDDIEVWIHTD ok,
%n%hoﬂ»~7f@%ﬁﬁﬁﬁeaﬁﬁ;Uﬁ%@ﬁﬁ%uTm%fo

6.2 1. Workshop No 1
EEREMBRBICHT 2%% (Criteria for solid waste forms)

23 = R. Bernero. (NRC)
AR AtE Ms. K. Adelson (Westinghouse Electric Co) — #ga3H
imm et Dr. T. B. Cochran (NRDC)—- &

@ Adelson IC & 2583

bhbhBH Vv~ v REWMELD T 5 HEEHICI T2 Y, EZTL, BFIEL~NE
Td5h, BUVSAVERWOMMTH T 2HBARER « BHNER BT T 22011

© FEMZR-ESHrrTIBEE LoD

¢ REROHMAKHT 2BBRUELB AL T2 LEONWTOREHE L ZLBCET H>EET

E ZRHR

+ BEEReOHKXIE

- EKY-BARES ORI

c HROEPEEHEL, REMN, BED, RENEEL Ol K
BEIThTwa,

B4 (technical community) Tk, ﬂytyﬁ‘zﬁiﬁ%ELT$=D, T, #HE
E, REE, BNE, BRE, BEBRELB VS HSREEDORZL A A CH L TR O
MBEEBATNEZLRABLTW 3,

® Cochranick 2EEH
WALELTRO 3IARD LA, FHLH/REBIEAIC Lfﬁﬁ.fﬁ’\'ﬁo
* radiation protection standard OERIKCET -2 AKROEE

« ANOHETRE (formal decision-—making)
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¢ FEEPGELOEZR

radiation protection program K+ 2 KEORECRLMNEBE I DL, TOBEBECREH:
FOoETRKRREGEENTHLLEEDLT 22 BE N,

A HBREO T €t RCDOWTHEL B &, Arrow Impossibility Theorem KfTE2<(, b
hbhdAxROMROEL FEEL REEZ LAWY, BLLEBRTIIENTERZVWALTD
%o%ﬂﬁk§—9§ﬁkﬂ§éﬁﬁ&bfFgﬁoﬁhgﬁj(nMﬂﬁmﬁmmn)ﬁé5o
bhbhid non—degradation WELED, 2% b BEHLHSICEE L I2BEHHEECBBRIER,
bLETINETAWELADL, TORKAFALOLIOL DI RE(ZINETEZWVWER I,

% 7 System Approach(SA) & Defence—in Depth(D, D) &% H~<32 &, SAESE L ALEL
o THRRKLOALZMHBCECRBECE SBHORIETEL TVWEIRTE RV, ThTE
B2 E2BEMIOcDICE, RBRELAZ 2V At OGREZHALPCTI2ZENEETS
5o
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ROEELWEOHEARMNED o ko
@ HLW LEEFK, 22dthll b, EMoZedoRTIoAdcEI ¢ FOMET,
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A-1.

(1)

(2)

(3)

KiK
"Non-Radiocactive Operation with a Joule-heated Ceramic Melter"
by 8. Weisenburger KfK PR &

KfK TR TRBRYEDAZULLWH I xEBLOokdbO1T I v 2 2oz —0ORBHERIK
SN TRV BEBE LTI Y2 A —OHMy LUBREERENTREINLTY %o
EREREIBRBO THIBNTH » %o

"Preparation and Characterization of an improved borosilicate glass
Matrix for the incorporation of High Level Radiocactive Waste (HAW)"
by W. Guber, M. Hussain, L. Kahl, J. Saidl KREKFTPI SR, presented to

ACS, Boston (Nov. 28~Dec. 1, 1978)
GPO98 > ) —XDOHF x( 8i0 —B: 03 —Naz0—Ti0:—Ca0O—MgO—Al, Og"(GdzOz))
Bk BEL, OB, SEYHEL CEEBOIGA0;%Z L, LTG0, ADD

HEERRL, chxHEBRBHAYZ 22 L ko
"Handling Canisters in a High Level Vitrification Plant”

by D. Sienel
Preprint for 5th International Fair and Technical Meetings of Nuclear

Industries, (Switcherland, Oct. 1978)

s BRI h 45 ~BEOEA, B, B, ~Vval)—27 2}, KPErE—HOTL

A-2,

BE2WTORRBERY LURBRRECHN T HELT LR LI,

HMI

(4) "Fission Products in Glasses Part 1"

"Borosilicate Glasses containing Fission Products"
by G. Malow and E. Sehiewer

HMI-B217 pl~32 (Sept. 1977)

HLW##18%~26%51 4510 —2B; 03— 1A1,0,—2Ca0(1~3)Na:0 HFEIL>on
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(5)

(6)

(7)

(8)

THEML, B, FHEr#E~%o
RELAFERERLOFE, BHVARE, RUXRLETHD, »2Mo0; L34
AEECOATLRE LT %o
"Fission Products in Glasses Part II"
Development of Glass Ceramics

by A. K, Dé, B. Luchscheiter, G, Malow, E. Schiewer.

HMI-B218 pl~16 (Sept. 1977)
810, —Al;07—Bz03—Liz0—ZnO*MeO—20wt% HLWO # 7 x &ML, Celsian,
Diopside, Eucriptite Perovskite #FNEFnEELBL TAER[ELY I =25
vz aERL, TOBERXREEL L. BRI Y I 2ICL T, Fieaptom bk
RBOLNAED ko
"Studies on the behavior of radiocactive waste glasses"
by W. Heimerl, H. Heine, L. Kahl, H. W. Levi,

W. Lutze, G. Malow, E. Schiewer, P. Schubert

Preprint of Symposium on the Management of Radiocactive Waste from

Fuel Reprocessing. (Nov. 1972, Paris)
HLLWo#Z 2BAbokb o # 2 2 AR0OREFr L UFFTOEBOREOCLY, Sid—
Al; 03— Fe;03—MgO—Ca0—K, O—Nay O—Ti0,— ( B,03) FIL 2w THNAo TLTE

OE—F L LTHERLFr ICEHERL DWTHE LAk, 2 AFHOMBLTAE L 4o
"A Collection of Results and Methods on Leachability of Solidified

High Level Radioactive Waste Forms"
by : 5. Tymochowicz

HMI-B241 (Apr. 1977)
HLLWEEHZ? r0FHE, BEE, FHRZ2AEEHFLC A TXRBEL, chboi
By THBLAERYERL %o

"Untersuchungen zur Kritalization von Borosilikatglgsern in Hinblick
auf die Fixierung Radioactive Spalt Products"

by, H. Heine'

SEORY S ABA T AR, BERRWERML, TOMBILIE LETEDEEN
7co FPOERL: LTORMEIR 20, 255 L7 30wt% & Lo LR E/IE
HB O LUBRELY 7 2P ORERE, 96, BROFAERELTE %o
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(9) "Research on Glasses for Fission Products Fixation"
by, W. Heimerl, H, Heine, L. Kahl, H. L. Levi,
W. Lutze, G. Malow, E. Schiewer, P. Schubert
HMI-B109 (Sept. 1971)
¢ 1968~197IFEKHATTOH 7 xAREARHROE DT, HRE, (4+X)Si0—
(1—=X)Al04y—(2—X)B0s—(3~1)Naz0—2CaQ DHR O & 1BRHZ2ThHho
b0 # 7 2%EML, HEOEBRFPIVFEHEREIET T, SHOCENURER
~N o
(10) "Neue MBglichkeiten Zur Herstellung spaltprodukthaltiger Glgser
und GlasKeramiken
by W. Heimerl and E. Schiewer

Atomwirkschaft vol 22, Nr 4. p223~224 (1977)

s KUY ABAZRFIVCY YERYFZ 2L, HLWREBRWE LTHML, #27 x{tod
BEHEIC D TEHE L ko 8, BRI, XRAOEEBEF TTx W, WEE, 4484,
ettt 2B~ o

(11) "Studies on the Fixation of Fission Products in ceramic Materials"

by K. Dé. B. Luckscheiter, W. dutzec, G. Malow E. Schiewer.
Preprint of "The European Nuclear Committee" (Paris, 1977)
Transactions of the American Nuclear Atomic Society Vol., 3

No. 8 pb668~669 (1975)
e Si0:—Al3;03—B;03—Na; 0—Li,0—MeQ B OWTHEIL I =%PTEL, Lok

BHREEBE ke BoNAfERIIEucriptite, Nephelite, perovskite, pollucite
EThoo

A-3. DWK
(12) "The Nuclear "Entsorgungs-Zentrum'"
DWK 51T (1978)
s DWKRFTOSEE VA YHBEFRTH YEntsorgungs—Zentrum 7 (B Y 1 2 0

O, BRENBEYESR T I L~ )K2WTOAY 71y b
(13) "Das Entsorgungszentrum im nuKlearen Brennstoff Kreislauf"

DWK 54T (1978)
— 100~
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s DWKEFTOLZEW 2 -COoWTOABAry7 Vvt
(14) "Bremmelement-Zwisehen lager"
DWK #4T (1977)
s BRE Y A 22k CURBERCE T S8BHE
(15) "Behandlung Hochradiocactiver Abfalle"

by W. Heimerl

Chemie in unser Zeit, wvol 12, No. 3, p65~100 (1978)

- FAFAMOBABLEORMHAEMBIE T BHBXT, #2 2ELonwTED
BOHT RIEENRDBM, TV FABRAT AEERI VW LEBRTW B,

(16) "Zur Verfestung von hochradioaktiven Abf;lle in Glasmetall-Verbund-
locken hat Gelsenberg das PAMELA-Verfahren entwickelt"
DWK F 47

s DWKEfTOEBESHFEAILL etz 7 vy b

B 23 » X
(17) "MARCOULE, Nuclear Industrial.Center"

CEA (Commission & lénergie Atomiquc)

s CEARFOTIMy 7 v 2RI HREFHNL» 5% —THH5MARCOULES OFEEHICET 5

Arzvy b T, BEFE, BAE, RTOBEEW, 771 2EeTBRLTnwio
LOMHEOFT T, CEADTEMNE#HITLTCOGEMA(COMPAGNIE GENE—

RALE DES MATIERES NUCLEAIRES)K3I&EohkdR ey 77
P o—8 ( BstEMERNCET B A4y 7T ), CEAQOEEOE®LOT
KHdHERNTW Bo

(18) "vitrification of concentrated fission productsolutions"
CEA 37T

o #H I 2EMEL2TMARCOULETHEIRAZPIVER, AVM + L UBRE S TR A
EHbNTwi, GRIREBBRELR E2RERINTH 2HBHSE

{19) "Encapsulation of High Level Radiocactive Materials"

C. Sombret :

Preprint of IAEA Conference (Stockholm, 1977) .
« HLW# 5 xBtokcd oy 7 =8, toRME, TEZHROADDOAVMT I ¥}
OFHAEEZE LELHR Lo
—-101—
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(C} RO L —F
(20) KBS Report :
11
(KKRN—Brgnsle—Sakerhat, 1977)

"Handling of Spent Nuclear Fuel and Final Storage of Vitrified High

Level Reprocessing Waste
e KBS (Nuclear Fuel Safety Project) %, AV = —7 ¥OEZE r v =2 b LTH
Th, BRARY A2 200 OR %R CUKHARER LD bR T,
FERXBCTOWMEREFTLMMALZ 50
(21) "Research Programm on the Conditioning of Nuclear Power Waste"

by F. L. Hultgren, D. R. Arnek, T. S. Forberg, F. D. L. FHith,

D. J. 0., Liljenzen,

The National Council for Radioactive Waste (Prav.)
(July, 1978)

. EHMEREWONECHT SER(1978) T, Zeolite, Titanatek M 5h
WHLTOHRE T Do TNEEER Zeolitet 2t Titanate KBRKE LD, &
HICE LT HEICE T30 THS0 HLLWTRALEFL LA, HLABLLWAHS W

HMLWICE T %5,
(22) "Management of Radioactive Waste and Plutonium in Swedish Perspective"

A Larsson, A. Hultgren, J. Lind,
TAEA-CN-36/554 p447~454 (1977)

s AV =T yOBMBEDEORK L LT, BAE, BLAEXEBNAKCEFEL, ¥7 2E
LT3 AN, FlE ICXARRETE > C L 28R L %o

(23) "Leaching Experiments with Highly Radioactive French Glass at Studsvik"

by G. Blomgvist : KBS~ HEHEE

- Y RINELRTRAEBRO # 5 2BLE K 2 TR BHEL RIS L %o

PuOBRHRIERTLX107" 8/’ » day T, BEKRFHEE Pulc D\ CHED T g

Sr, CsKOWTRBER60CKE2%L, 25CORMEOH10EKE » ko HHLW

BERXI9%THbo
(24) "Durability of Borosilicate Glass"

T. Lakatos : KBS~oOEHEH
c I vABOR Yy 4B T ABEKE, ERAEROBHICH L TEE CEME N

LTInWEROEEERTo 24600~800CT, £ERETHEENbLD »Ho
—-102—
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(25) "Powder-Sintering Process"
Studsvik# L Y EHINAHELOHEARE 7 f—x (1978)
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