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Report on Collaboration Research Meeting with Belgian Nuclear Research Center
(SCK/CEN)
-CORALUS:An integrated in situ corrosion test on alpha active HLW glass-
(Meeting Document)

Kazuhiro Kawamura™*!, Kenichi Ueno*?
Abstract

Collaboration Research Meeting with Belgian Nuclear Research Center(SCK/CEN)
. -CORALUS:An integrated in situ corrosion test on alpha active HLW glass- was held on
October 29 and 30th, 2003 at Avignon, France. Scientific achievements obtained in the last
year were presented and results on modelling of nuclide migration were discussed. The
meeting of the GLASTAB project related to the CORALUS project was held at the same
period and we attended as observers. Durability of the waste glass was discussed between
researchers of collaborated institutes.

In addition to the meetings, Kawamura visited the CEA Marcoule Research Center and
looked around the laboratories about several kinds of tests such as the long-term,
laboratory scale and real scale, static and flow type leaching tests and then visited
ATALANTE]1. At the facility characterization of some kinds of matrix such as glass,
ceramics, glass-ceramics, irradiated fuel can be done by the melters and analyzers installed
in the cells. Additionary, Kawamura visited the SEPR material Research Center and
discussed about the character difference of refractory products for glass furnace.

For the CORALUS project, it is necessary to get data in situ tests and to compare with the
modelling results. If the additional simulation is necessary, new information in the
reviewed reports on glass corrosion mechanism will be reflected and test program of JNC

will be revised.

*1 Barrier Performance Group, Waste Isolation Researach Division, Waste Management
and Fuel Cycle Research Center, Tokai Works
*2 Paris Office (participant of only meeting)
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FMiEFERBTLEVIFEICEREINTRY, BARIKRE 70 =27 bAOBML, &
SHEOHRICLIY, RELYLHHTH LI, BEBITEFTY VRO +
AL, EEHRRIBIEHT TWRETH B, FATIC Valcke K HETY v IERICHT
LZEMERTVLOTRFR TR, H2EHEMEIEITTEEL, EWVICHERT 25H
= BRREIC L7,

SCK/CEN fil & 7" — 2 kh + BR$E T OAMERATEEAM I 1LBEL A5 5 DT, 4%, CORALUS 11
THLNLERDED, £EMNLZHPE TOFERFD S 25 L) ITABRENLE
T&H 5, CORALUS EHE Tid, IV b 60 Z3F A L7254 T Np, Am, Pu, U, Th % A7 45
AN M4 PHIZEE L, 30, 90CT 2205 4.5 FE#THIZERT O RALE TR
TEL2BELRARTHL7:0. RISGHIMBRERIFTRETH S, Hl&E. INC HEHE
L72CORALUS 7a¥x2 b Ialb—YavERE AN D 2T & 3012, BB,
WRIEDH T HFFEMEER DETENCBE T A EHM 232 L 72,

SCK/CEN @ Valcke XD 35 & ¥ TGRS R U CEA IV 7 —WVIZTERL TWAHEN
RKEER D FE SN/,

(2) &#FSMEBER ORI

AT EU OBSHEREY ICET 2MATEL T TEBIN TV AIFERET
»VY. 4B 3>o0 7Ty 22 b (CORALUS. GLASTAB, GLAMOR) % —#&|ZBaf L 72, GLAMOR
TUY 27 MZOWTIE, AT —NOEMIBO NP o7z KEICITAVIOD
McGrail. Strachan, XV ¥ —® Valcke, Van Iseghem, 7 J ¥ A ® Grambow (KA Y A
THAHD, WET T ¥ ADOKFEHIR) | Gin, Minet (CEA) . A4 A (PSI) . KA (GRS)
e &F 20 NOWIFRESZIML (BMELFMIT. SEER 5.2 8Bz L) | FEFIC
HDPWET TOo T ALERDY R EN,

S TIEIRR Y —BRT, BEAD L OIIRIRE ., BRAIE T o 72Tk, TREDIRI.
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A, MET—FR—R, mXEEBAN L7z BTHOFTENIIRELAE 5o 72,
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2.2.2 A4 7 WEBHEDSEN L 7o HERAITE T ¥ FEMRE RIS A R E
EFNVENICET 2 ER R OEE, BEFREEZUTIORT,
Valcke K2>HDER (Q) . IAV N COIZX T AV A I NAEEDEIZ (A]) . A RC])

(CS1) EMTRER T RERR L7225, YA 7 VB OB BT FEICEKZH o Tw b,
FKADELZRELCIERYOEEEICOVWTTH S5, HiIZ7— 281 (module A)IZ
DWTHELTWAEEZ TWD, ARYICOVWTIZ, 204 FEFEU LS I2, immobile
organic & mobile organic (RN-organic matter complexs) DA DINE KIS L
BEEZTVE, INOLDORGE T — AT HFTEELABEBITORE &2 TV B,
CHNOEDICIZDOVWTELNTWET =5 13bTHrTh 5,

CINDTA 7 VEBTOERYICHET2ERN LKL, EHL T3, 4%, BT
DHTHZEH TOIEELZT —~v & LTHY EIF T Z &% 5, CORALUS D EHE A
1 FAREEN TV 5 O THERETE OYUETR % AV 72\

—XERB AT X 17z CORALUS BRER D BIR

RiE LR LG BT HMGE)
Tube°2 (6°Co &, 30 °C) | 2000.04.10 2001.02.21 2004.03.31 3.1
Tube®3 (6°Co A, 90 °C) 2001.04.25 2002.12.05 2004.02.28 1.3 -
Tube®4 (60Co A, 90 °C) 2001.10.25 2003.04.15 2009.04.15 6.0
Tube®5 (6°Co £, 30 °C) 2003.11.06 2004.09.01 2014.08.31 10

Q)T ABREETNIZOWT | U T ABHBAMEHICE L., (OHP @) model 2124 5
NV MFA MEBRAKFOSI BEZEEBE LRANBRICIVEEZIToTWADOR, F
TABBERE L TEDETVEFRALTWEDD, 72, 2L EHENIVOLEE
L TWBD0,

(A2) 7T ABHETNVIEINY M4 MEBEKFTO ST iBEELEZZE L
R = A x K+ (1-C/*C)

WX BHMBHBETNVICIVEFEL TS, BIFEEK+B LTSI OXRY M F 4 kAD
Kd 2ZL 2 ¥ TEHEZITo T A,

K+ = 0.017 / Kd of Si =0.0lmol/] : case 1, 3, 5, 6 and 7

K+=0.017 / Kd of Si=0.5mol/] : case 2

K+=1.1 / Kd of Si=0.01 : case 4

(Q3) FBEAILFZIZDOWT I A F VI RIEB L REEEARIEDEL T KunigelVl @
FHEZE o TWLDD, H5VIE, ZOMOT—5 (HEIHL P RELDFT— 5,
BIZIZARATZ A4 PDT—=77%2E) ZHVTWBEDD,

(A3) A A VR B L UKRESEERICDOEHIE Kunigel VI O F— % #HwTwhb,

(Q4) BREKILZEDEFTMEIZOWT i EV2a—VAREL, 7—2t01 4 o5
BIUVEKHEBEARICIZEDT -5 2BV 20h, F-EEEARKICICET 2880
BIIZERBLI:Oh, 7— 2t ONEFTEICHET 21L%E, F—FREETH L,

(Ad) A F V2B L RIS GO 7 — 13 Kunigel VI OF— % #HWTw5,
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AR ORBIIEZR L Tl v, ARY, RESEEKICEDORITILEL 257 —
YD BT S, >RFEE, T LAMLICET AR TS 2 MWwEbE T,

(Q5) BT A ZEELIBITICOWT | BERBIADBRT A2 EZE L TWDLDH,
(A5) FEIBRACH B ICE AR T LT 5, 20729 C0,(g) DY X D EEHAE 2 5
N, FOEBIZIAZN)IT -3y 2EEL.

(Q6) BB E FIVETE DB RIZOVT  RIZHERINTWVES CIIEERED + —
FVIREPZENE D (B) KEERE 2O (RPTIIFIZIT 1.4e-2 ERFELEINTWS),
S DALFIEITAT A '

(AB)RICFEE SN TV AL CIIEREE/ A ¥ ViBE, RIEEEHIN TS SIILHiEE/
TALYiE R, BIBAKFTO SIREICHILY A 4> HS) TH 5,

(CS)CIZDNWTIE, HpHIIHTACEEUCAF L OENPLEZ AL, X5 Tid%
(L HCO &2 o TV B DT ARV, (pHASKE 25 12oM, HC0,, HCO,, COZ 272 5)
F/2SIOVTHBEpHIIHTBAF VORI LEZ S L, SOA-TidZ Vi, (pHA%K
XL BIZoN, HS,HS,S5i127% %)

(CJ6) FFHERR %,

—EFHHERRL. LTFTOLNSGRE LT, 4

PHREEQC & JNC-TDB THELN- R LB D F 2L EREIT,

(1) 2—/v A (calcite & pyrite TIH#) HCO, , HS
(2)FY 22—V B (calcite & gypsum TYH) HCO,", SO,
(3)FY=2—/V C (calcite & gypsum T¥-#5) HCO,, SO, ¥

(Q7) B EHIFRE A 2T © Np0,(am) % Pu0,(am) &, Z1F 1 Np(OH) ,(am) B & O
Pu(OH),(am) D Z & %, EEEETE X TDB % JNC-TDB, £1#& 22— FIZDwTid PHREEQC %
H\a7zD 5,

(A7) NpO, (am) % Pu0, (am) i, FKFC L Np(OH),(am) B & UF Pu(OH), (am) & dF L, FL D
DTH5B, BHREEETEIXTDB % JNC-TDB, #& 2 — FIZDWTIZ PHREEQC % v 72, '

(Q8)Am & Cs DINE AN = AT v 7 EFTNMIZDOWT(1) :Cs DKAIFPIEVWEHIZED
b, PEHTIIInkgBETHA, AH=RAT v 7 ETFTNVIZIZA T4 bD Frayed Edge
Sites IKBITHHFRIGEZERE L TV 5D,

(AQ)AEDETFTNVIEA T A FDREREEL T EV, LPL, 474 FOEFE
%ZB L T, frayed edge, FES B X U type II site (Poinssot et al., 1999) ?D*
B2 ) CsDKd 2 RDBZ &I, BRBEE*FHEDT 2,

—>RFEE, T LMTICETARE T - 2MVwEbE,

(QNAm & Cs DIERA N AT v 7 EFNMIZDOWT(2) : HEEED 29n*/g 37— 4
¥+ DOED,
(A9)Kunigel V1 DETH 5,
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QIO 7 —A1,5BIV6DN D 2.5FED 7T T 74 NMIIDONWT :Case 512BWVT
LB EEB LT 2WVOD (PELRLTWO, L2rL, BWKIDD, BiF
BEHIRRICIZET A LI WVWEEZLDLDD) o

(A1) IEB D EBIIEE L TWb, Case 5122V TIENp DKdDEAKE L, V) HF—
NSO Np IBEEMRBEILEL TV R WIREEE e o TW 5,

QINT—Z21,5,6BXTTOAMD25FDTOT 7 A NVIIDONT I F—A5ID0
Ty 220K DE Y (FBVHDEERNLDIZ5fE, Np 2513 504) BXU, An BHEE
RN £ RN FHWETRBRREBRETEHEZIToTWAIDIII DO,
F7-, % An DBBEFLEIIZZ > TWEOPHHETE Vv (OHP 12”7 solubility
dominates” & EWTHELERIIOWVWT) , LA, WEIFKEMZOTIE (KIZ, 7
— A5 &1 HHBLZHAE. GR1IICERTSEKIIFB) BETT 774013528
TICHARTIFEICHELS D) o TE1ORBIZOWTIE (F—X 1IZEXRTRIZ KN
KdTHa5) . BETT7 74 VIFHELEERY, —F., 10 FEVEHBRE (5 — X612
T51) FEBETOT AN LU TN ZEE LIV,

(A11)OHP @ Results : Solubility dominates i¥ 4T AKEH b DFEEDOEHIZ DWW
TXEREMZRICZEB LTS, AnD 2.5 FIZBIT 5 case 1,5,6 BL U 7122\ Tid
T ADRAGBHL VBEMEICI VBB EIRESINTBY, Td, Reservoir (4
T AKME) DBEPOLBI LIE, 7077 ANVBRNTVWLEIEPLHEEL TWDH,

(QI2) 7 —A1,2,3BLV4, 1,5 BLU6IIBITEPuD2.54FIZDWT [ IEZE
7Ze#E2 % (0HP 121X Glass dominates, solubility dominates &EWTWA3) | flz
W51 2T AE KATIOR) . TIADBBEEB LV PuBBEIHLT %
HELIPEZ TRV (T ABHEEREIZORBUEr -4 X038, LaL, iBE
707 7 ANVICEIN R EIE v BREICOWTIE, 1ITHRT 613 100 fEEVET
HEWEETO T 7 ANORIIE, RED, bTFrTHS) o MARIZIZ nodule Al
BIFAT— LT TPuBBREN~1e-b6 3T TELLHIITEL S, 1e-TREETIT VD,

(A12) (A11) &AL & 9 |2 reservoir (H5 AKME) DEEWA) & 707 7 A VD EE
HiEE (B) & DEDSHM L TV 5 ASB D34 Solubility dominates, A<B D34 Glass
dissolution rate dominates & L T35, F7/= Pu(Ill) NXEALFHE L & 5720, BIF

EXERTS

(Q13)Am-doped glass D Cs FHE T — A 2.5 FIZBITA 1,2 BI04, 1,6 BX U6 :

KdDEDED T, (NCOFTEMREHNT) To72 BL2EREFHL TS, f
CZIECsDKA IR In/kg BETH D LEL TV, $/. T— A MTOBBER

(percolation experiments) iZB\WV T, Cs DEBITHHEL LW E 2R L TWS (Cs i
BEHICNET S, BELLA T4 MOEBREREEDO, LRSE)

(A13)Cs 134 T4 F~DPELZEEL T2 VD TKI P& %o TV AT EEED D
o ATAMDPWNEETNVEEET LI LT, 7— 2T 0OFBER)SHTL
A KdEBEH A2V, —J5, INC TH Kunigel V1 DEZFERT 5,
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£, Kunigel VIPSA SA MEERAL TR WI E xR L, 77— ALY
LA T — % RRIWE b7,

(Q14) BBEAILEE - LW IOV TOREFUEISLETH L L, LIREINTWDS
B, BETHNTHABZ2EFTEOT, INS5DOF—F% INCICTHEL TW/ZET
Vo F/oRY M A FEBROA (outside the system) THIE S 17 FEIBRACGHLEL 1 X HoERAL
BEFVZEIVBET BLENDD L, b oY, TOEKRIHFDLEV,

(A14)H A 7 VE¥EIZ T T — 2kt %° Fo-Ca Wit oRMEFHELZEET S Z LT Ly,
F 7MDK TEED Ny F ¥4 TOBRALFEIEHATE 0L Mz
TWwWh,

(QI5) H' T A& - BEB B LMBOERVLELEH BN, BFFEROBY .
SADEMRIEIND, PuBLI P An CsIZDWVTHERD) FLALREZRITTI L3R
Vi, ZD720, BERBICBIDIHIIEEER T LB RV EER D, TBERTRD
FERMBERIOVT, BEBILIUVRBRIEETH ), FRMERIITTVEEDOHERIC
BRELEBEEZ ZWVWEER D,

AIB)RETFMELTIIN T ADBBEEEIIH T VP2V, RERIZBTLEED
RO EEE L2 BO L LTEETHH L EL TV D,

(Q16) BIRE | EMOBMEZMA I HABRTOBHBEUNENLETH L, L dH
B2, EDOXIHIIZLT, PERUBEVPEL TV LIEHERIIBVWIBABELHET 2D
o EFMELEIN-RIBRAKME (the modeled interstitial solution) DHFWIZHW
THEBEZRETHDIIBVHETIEIRV, HBWVIE, RV M FA PEEMLTWBIK
RETOBBEL V) BRY, SR, BRBLUVNEORRIIBILEBERE LY
5 Z e

(A16) Bl 72 N> b+ A4 FEBRP TOBRMEILBEDOBHRRERL S, EHEZERK
RPHEBEORERRETH L, N A VERMPTORBEOBRRELHEET S5 HED
LT Mol 54 FT “ effective solubility” Z#HAL TWB ELEWVTWEDT,
LT DOZ EIFFER LIV,

(CS16) TR L 72,

QI : BABELFLERMTH S, 0TIZBITHINEEER FEEXELTNS)
PBBOI L, PUDIE AT ZAT v 7 ETFTNVIZDODWTIERE L7,

(A17)Case 4 DENTICBIT AN T ABHEREIIDRIA — IV TiEo>Td b o7z Dr.Karel
Lemmens D% AV TwW 5,

2.3 GLASTAB 7@ ¥ = 7 b
Hhc%@ént%wx : GLASTAB 13, EU F# 0 & F 2 BILR R ISR 281
&£THY ., BUDBEFHIEHERB4E (FP5, 44/ T 1300k 21— 1) DOBIEE X}
T%%éﬂ\7@@4@@%%%%@?%@T%%®f\Lhifﬁﬂn% RF
(CEA, SCK/CEN, PSI, FZK £8) TiihNTELMED L Y T LoIMTbI, BEWH I A
g —
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AL Bl LAKFI, BE L7279 VB ORI, BERAT. RO L: Ei2ow
T, 22 VEMZERALDEN: (5.1 BHBM) , B TEEBMEL LTid,
LB %, SEM, TEM 7 EOKREHNTER THOM T 2 FiEDAS, £ Fhvaik, 5+
BH% (MD) HICIBEFT) v ke, TREAEETD B PEERECETFEICET
BRERIDHoT, RESIHEICEIREELERSELITFELDI L THL, Wikt
LTid, SsE (EEWE EOFE) 12X o TREIBILT 2 EEB O A H =X
LRBRHBEH R LI L TEEN R D IR EEINTE D, Wy THES NS
MATr—VORBZEHZ FllT2ETIMVEIEEs TR WVOPFIRIRTH 5,

3. REREMEER D RFE
3.1 CEA <7 — )VEFZeRr D B &

(1) CEA =)V — VEFZEFF O R T, BTN OMKIC APM & Er N EBEA
Tole CORRIT, MIERBESLEY 27 v TREES L Z0HELEV IR
TBYN. IV IFERZETIEIFTIAORMENLEEFERE LT 20 48 (kL T b
HEE, 120CTIERER L TVREDOPFHY), ATV LVAREOY v 7 AL —HEVEEK
BATW, BERGAHE I O—T Ky 7 28Ho7255 T ) RKBPEIZERL TV
BT E3E)P o772 BETHo72 D EFY V7T AHEDRA, tFiEIZILA TY
EROANIH S A% ZDFFHKPICANTEVTHIERY.,. BERALR LS T
SNTFarHEICET ARRYED o7z, TRFHREEOGIE LTI TEDOT IS
A4 E L, Pva o4 VEIELZ2D D% ED/MTBEIPN T2, ERICEHSE
A EDTVAFETTIELEWVEIICE Lz, BMOBER TERBERORBRMGK L L TERE
12 1em BEDRD /2 SARWAERICSHF AT NI AR bR E 81, BIRY 2 KR
BT THAERRR L TV 2 REABRKRASEA SNz ERERTHRAALZT T AZ
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C18,C19 kN & HLICRE L7, BREYEALAIER, HEFMEkE. Y79 A, 7
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BB RER AT &, SHTERMH % ATALANTE V. L TH->Twb, L7~
AF—=T 7 F= N4 ARFELELLE - FEFMO-ODLIVIIFHF-TIH
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Le projet ATALANTE a été engagé _
par le CEA dés le début des

années 80 dans le but de regrouper

sur un méme site un ensemble de
moyens de recherche nécessaires a
I"aval du cycle nucléaire :

retraitement des combustibles irradiés
et traitement-conditionnement des
déchets de haute activité. Installation
congue de facon modulaire et évolutive
afin de répartir I'effort d'investissement,
I"'ensemble du projet ATALANTE

est conduit en deux étapes :

ATALANTE 1

Ouverture du chantier : 1985
Maitrise d'ceuvre : NOVATOME/SRTI
Mise en service actif : de 1992 a 2000

ATALANTE 2

Ouverture du chantier : 1995

Maitrise d'ceuvre : SGN

Mise en service actif : de 2000 & 2002
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CARACTERISTIQUES TECHNIQUES
GENERALES

Afin de fonctionner dans le respect des régles définies par I'autorité
de siireté, cette Installation Nucléaire de Base (INB 148) cong¢ue pour
la mise en ceuvre de quantités significatives de matiéres radioactives,
est sectorisée pour limiter le risque incendie et améliorer le confine-
ment. Elle est dotée d'importants dispositifs de contréle pour la radio-
protection ainsi que d ’une:vegtilhition-pour le confinement dynamique.

- PROTECTION INCENDIE ~  RADIOPROTECTION F
¥ 13 secteurs de feG et de 230 voies de mesures continues.
: confinement 70 voies de mesure "tout ou rien”
L‘; 34.secteurs de feu reliées au traitement centralisé
R F _+900 points de détection et de radioprotection (TCR).
3 d'alarme incendie Plus de 100 voies d'appel reliées
b 61 extinctions automatiques au service de protection contre
‘ 400 points d'alarme technique les rayannements (SPR).
e s~ , 170 contrdleurs de contamination
b ‘ i VENTILATION mains, pieds, vétements
S, 1 210 000 m*h d'air extrait W
302 ensembles de filtration DISTRIBUTION ELECTRIQUE"
4,8 MW de puissance ifistallée. =
7 2 groupes électrogénes de se.cqg{rs‘? :

de 800 KVA i K 9% =
" .. 2onduleurs de BO'KVA gl

CHA : Chimie de Haute Activité.

2 halls de chaines blindées :
C9-C10 et €11-C12

4 |laboratoires : L5, L6, L7 et L8

LEGS : Laboratoire Equipé en

Géométrie Sare —

1 hall avec chaine de BaG
et caissons blindés €17
2 laboratoires : L27, 1L28
1 hall avec caisson blinde -
Microscope électronique &~
balayage : LES216

DRA : Développemant
Retraitement et Analyses

2 chaines blindées CBA et CBP
{grande hauteur)

2 laboratoires LNO et LN

DHA : Déchets de Haute Activité
2 halis de chaines blindées

C7-C8, C18-C19

2 laboratoires : L29 et L30

2 cellules blindées GCE

' (Gestion centralisée des effluents)

SGA : Services Généraux Actifs
7 laboratoires :

L15, L16, L17, L18, L19, L20

Unté de destruction des effluents
organiques (Delos)

'$GI : Services Généraux Inactifs
1 laboratoire de chimie an inactif : LI 1
“. 1 laboratoire de modélisation : LI 2

£ O Cheminée d'Atalante

Centre de la vallée du Rhéne - BP 171 - 30207 Bagnols-sur-Céze Cedex

-

VISUAL 04 42 97 63 90
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TRAITEMENT & CONDITIONNEMENT
DES DECHETS DE HAUTE ACTIVITE.

CHAINE BLINDEE C18 - C19 : PRINCIPAUX EQUIPEMENTS ﬁ
e | ' 5. TR

[ 1 Elaboration matériaux

[ Caractérisation, comportement & long terme MESURES PHYSIQUES :
i |
. e « Module de Young P,
S « Dureté I
5 « Contrainte & la rupture &
: C‘:Al-';ll.:ﬂ'?\(;suiss = Intensité de contrainte
« Scanning gamma 3.-‘
w « Dissolution du verre « Masse volumique B
g « Ablation laser pour « Conductivité thermique g e
4 analyse par ICP =« Macroscopie f o

»;

5%
d ¢
¢ -z ¥ ci9
~ & / [TV
B { e 4
cis/ 5 N [ =
i K
/]
'(" c' \t. ;
VITRIFICATION MESURES COMPORTEMENT
FUSION PHYSICO-CHIMIQUES = Liiviation
« Vitrification continue + Viscosité (dynamique / statique)
(1100 °C) « Traitement thermique « Altérabilité
+ Procédé haute « Calorimétrie (en conditions de stockage
température + Dilatométrie ou dentreposage)
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TRAITEMENT & CONDITIONNEMENT
DES DECHETS DE HAUTE ACTIVITE

OBJECTIFS MOYENS

=» Développement (en alpha, beta, gamma <= C18-C19

et neutrons) de procédés thermiques
dans le cadre des études de condition-
nement des déchets de haute activite
(produits de fission/actinides mineurs ou
radioéléments a vie longue) par incorpo-_
ration dans des matrices vitreuses ou

Ensemble de 8 caissons blindés disposés
en U, équipés d’appareils permettant :
¢ |'élaboration des matériaux (calcinateur,

— four de fusion, traitement de gaz).

e |a préparation d’échantillons (trongon-
nage, polissage, enrobage, broyage,

tamisage). -
e |a caractérisation physigue et physico-

vitrocéramiques.
=» Etudes du comportement a long terme
des colis de déchets de haute agtivité : chimique (viscosité, calorimétrie,
verres, nouvelles matrices, combusttbies dilatométrie).
irradiés. ' ’ . |'étude de I'altérabilité a I'eau (lixivia-
e tion statique et dynamique, altérabilité
en conditions de stockage).

-

Laboratoire L29

" «» Microscope électronique a balayage (MEB),
microsonde de Castaing, diffraction X, &
I'intérieur de boités a gants blindées per-
mettant la caractemsatmn d’échantillons
solides.

Laboratoire L30 A

<» Spectrométre de masse et torche a plas-
ma couplés, implantés en boites a gants
pour la caracterlsatmp d’échanillons
liquides.

CARACTERISTIQUES C18 -C19

* Coulée de verre en laboratoire inactif

=» Protection biologique 950 mm de béton
lourd (800 mm pour C18).

=» Maitrise de la s(reté-criticité par une
géomeétrie adaptée.

* Pots de lixiviation (Chaine C19)

e Structure microscopique d'un verre HA
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ZRHLEEY 2Ty THBENRERBAOEEL D b OFbY o 12e TRLENOE
. ATALANTE ® Bt (FFZeRr O #b1Z APM, CD & E2h /22 7) ICiE LT 5,

CEA =)V 27 — VHFZERT IEF

3.2 SEPR #EHFZERT T OB i /i & i KW DRei Ho g
SEPR #HEHFZERTIE, 77 Y AD SINET DS TH Y . F4 Y OF L~V HUEHERE
W 7T ABERE O KR D G U - EE D B, B4 BERETOMGER T
H., BN T EERTEE 24T T\ b, BFZeRsaE e L Cld, SR L 725
EKRENZD B kD 2 AT & O Z & TH B2, LePontet 128 5 TH;, Cavaillon 28
AIFERRENIE, ek, BEBERELRETL 52 hh oz, SR (08 3 7 HEiE)
THRICER L TiE K 7z s, RELOIF K %155 BB M2 4 K D 7 7T 1§
IZOWTIE, BRATO bR e o7, TVF, KIERTHEALTCWEE/ 75 v 7 A1tEL
Db O & %50 ER2161 B L ¥ H 120w T BB TIES 2 K3 1k LT,
FRALZ B SR CYE S L5 ER2161 07 33 8125  FINIC C W 2 o TV 5, B
M2 TORETH Y, K3DENICL 257 A0 EOBRRHAE L HE1I,
REE L LTEUZMETHS 2L 2R L7z, BEHRTE L ORISR EIEAH
THADTH Y TUVHMBZENLTEL) 2 &It mERELOFHICEHLTY
HRFOTHTH % 5B &) EME, T2 EEHEASE LD ISP BT 8
L, BRELTWBELDZLTHS,
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Le Pontet (23 % SEPR @ 1 %5

Cavaillon (2 & % SEPR #f ¥ Zerr
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EF' ELECTROFUSED INDUSTRY

EFI is a department of SEPR company (Saint-Gobain Industrial Ceramics Group).
The mission of this department is to introduce to the broadest users the benefits of

the fused cast products and their Iarge diversity of applications.

Fused cast ceramics are used as protecting linings and specially designed for
industrial equipment to resist to severe physico-chemical aggression at high or low

temperatures.

It is a chemically controlied mixture of metaiic oxides, melted in an electric
furnace at high temperature up to 2400 °C (4350 °F) and cast into moulds.

SEPR Le Pontet (France) is the largest manufacturer of fused cast ceramics in the
world.

Five other manufacturing sites contribute to the diversity and complementarity of
the ceramics manufactured by the Group: Refradige in Italy, Corhart in the USA
SEPR in Australia, SEPR in China and Grindwell Norton in’India.

The world-wide presence of the Group and its factories, the experience of the EFI
department of more than 30 years in the specific industrial markets, the quality and
motivation of its teams allow to answer to your needs and bring in each case an
adapted solution and technical support.

Besides, the R&D centre is always testing new solutions to develop new materials.
e s Vo o | T Innovation is a SEPR
: E tradition.

Le Pontet manufacturing
plant in France certified
ISO 9002.
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4. Bbhic

-0y R T AT, BEYY I ARIL - WHBETH BEFMEEIF - T
WBDIZA L, ETIE, ErOMELTELAFEBICHELTETEBY, £4#T
(& Grambow KD X 9 e FAFFEE D, HFMHFEEICAHELZIERML, HEL TS X
N RBFE o TV, T O EIRMN 2 BPMREHIITIRZRE SN TV 225,
EFEREEPEALARTE L. BRBICL o THBAONIEDIEL DB ERVE R ST,

7T v ADFMEBREOEEIL. B L NIVEEYLEREAM TIZ AWM ED» S AVHEE, 2
=NV RN — TN EBRICHEMBARE ERITTWE I L, TREYT T ADR
HRERTd BB i L. FrEMLAEZEE D 1D Twa 2 L, BRI ZHEIC
7o o 7B, HMES. AMBRZLTWAZETHEER S, 47 VEHETD
JNFL. NUM0 D2 —H'—, X —F— b WoZEER, RFLEOMIEIEEE & B L -3
MEBEY, \MBRETRELENH S LB o7,

AEDEFEIZ, FAA MRS CEA Th o 720 KBEDEDSE VIV 7 — VIFFERT T
2. TGV BR. FATHEMELICH LTV a v KT ATEBIN, BT 0R
B, ARIAX MEBEPERLIHDL, 2BFSMEL, B+ LMEI TRFICEPTE
720 BERTHBZSEFHEINIGEE. CORLERBDILETHLINPLE 72,
FRAFEAMOBRIMY, REMICOEKRDBETF ANV iMoo TERIMEINL, 72
xm%ﬁm BREDOP PEMAENT), FFEHZICT— 1. 28T L7z CEAERD

MEBEFPREMNEINL 2 LY, FRELASBEEEIETIN, BFHFITIT, LTLISR
BPICELEDNIHETRZWI EIXLHEINTWAEDOT (JNC~DOHFILZ% &), +
DHERL, SHRONTERET H2LENRH 5,

CORALUS 7B ¥ = 7 MZ2oWTiE, HABOE ) I LICMEF TAEORFETHIRX Y
FREHREBEIR, LRI CEBBITZERTAITETH S, §HBATITIARBAN=

WCETAMAORIERT L2 — LBEELZAF L. A4 7 VBB OMZERT
BEIZRBEEEFETH S,
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5. ZEEFR
5.1 CEAERDFEESE A ERC L )
ﬂ%

DL, GLASTAB & CORALUS-II YuP =27 FDOARZFETH Y, GLASTAB 7'u o
17}&qu%&® ETHbH, [iFElE, 20034£ 10 A 29 L 30 HIZZ7F Y ADTYE
Za v ChEEIN, HEVTGCLAMR 707 = 7 F O &E B S 7z, GLASTAB %
X, RERREEBICRASINLIEELRRZIIEHTD, 70027 POBEIZIBE-T
TRTCOBMMEREREZLET S L) ITED LN, BREBREEERICHRDLIRBEOE
REIHD #am S 7z CORALUS-1I KFEOE ST, AIE I O NRFW 2 ERBEHORE
RICHTONT RD6 ¥ ARIOTHIZBITA2H4FLZTLDL72DIC, ERLOMES
bR S L7z,

FTRTCOHBEFHEIZ, FHICHFEREEL LTI LOONEFETH L, BREENS
OHP @ 2 ¥ — i, &FEPICEAMA SNz,

GLASTAB

Tl bOBEHELLEROBRE
ARIOSETHEBINIL DI, BFRBEEFDOSEIIHIE L2520 v ¥ 3 V5
BENT, By a v OFEIT, BELAEOER LS L TRIBYFIZL Y HERFS
7o
VO L B8E (J.L.Crovisier)
kWEE#A%T%iéh\ﬁ hiz
IREEN I AOERER DO
-FW%%ﬁ7xwﬁ£E®Hn
- BEELTOLE (XREET TR, BEEWMT T R)
- FALETORS
- FVOREH
INLTRTOMENI LBLNERIKETHERINS .
FVOME R, M. ILEEEE) X, SEBEEIC RS CREL., BRICE I E
QT%,@mMB7U/17%Tu\E&%ﬁﬁ®7W%lDEﬁk£m?6:k&
L726
c TRE TR OERIER L 2T RER 52w
- FIVEBIHHEH D, BHOAOERITES A, EARE), EERREETLIL

DVHEFR I NIz,
- BEAEETERTAIELBERTH S, (RRBEEORADOFEMB 2EICHEE
WELENS)

TEEE & X NVEBEDETY ~ 7 (B.Grambow)
Bernd Grambow ¥, ZERROEM L HET 5729, GLASTAB a7 FOFIEAT
AWonbDEERZETMEOT U0 —F %A L7z .
- CERA C REEREERICERSIA, o5,
S EVTANBETY YT L OPDRA X LDESEWHBIZERTH S
91—
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EVRDBDENETY) v 7 X EI N, ,
FVHTOEIDOEREMEBHOET) V7 RARDH LT T U—~FThHbH L
Bhbhsd, KIRMAT 22— FOFRIZTO Y27 hOBOICTFRELZL ) IRETH
HZ EWbhrolz,

- BHERICRDOBEET) ¥ GLASTAB T3, #IEADMKF TH T AHNLE T 5
WHBEINI2BEELCEREFEORKTAREBRT AN OO FELRMEL T E 7,
GLAMOR 7B ¥ x 7 P Tid, ZRICBL S O ICFER AT RB|T 5722 9,

FELERIIRDET) Y FOBREICHEL CERBEN) 5 .

W ODDHRII—RZE—E2SR N5 . Si BEY, Si REFE, KoOEE, BE
IZE A7 VOREL

C BRI IRT AT DD VICEFNTIA VT A VITNRTA=FEZHVE X I
L7z W) L) VL ODDOREE SRS,

- M7z HIE, FoZshE, M. SEWHEOBR/ATHENNFICET 2 X0 L ER
BELILETHS ! |

- BRo 2R HEAIL, BEBHBROEFTY Y FICHTAIETH D, . WEOPDET
)Y ZORRIITETH B05, OEEIE, FREFTMEIRTVRN,

ST T4 IVFBEBIIBIIAHTS ADEE (K. Lemnens)
SETRBRBEETIOESL RN (BEMHEE) CEELMS LEbEs T LITRE

L7 =7 74— VFBRBIZBITATIADEZIT (EL4EORDYII) EIEIIL D,

COFEIL, 3ODFELTHSIIGFITONS ¢
1. =7 74—V o5
2. HwELIEER
3. WIA/HTHERICOBIEILENET) Y 7EEYTANTET) VT

FELZENG
1. JOUL Az HHEICT AL
2. NIX—FEZHHEIITHIL
3. B/ AHEEELTRET AL
4. RHOOMEZHEIIT A L

GLASTAB 77U ¥ = 7 PO TR INTEREET) YV I OROFEHPEPNS |

- LT =itk FoCa7 #itid, o ABEHEER2IN& 5,

- REEATSE THEAL TV AEAIR, HEOFEICL VIFEFIERVEREEZED 5,

- oS REETAEE (T 258E ) AT OEMRERSEICEEL/E, O
T D BBEICENIBL T EDEIED L VERICT T ADEBERHIETE S %\,

- BEINTRETHON T ADBERIT, BRWICKFRFER SN LBERP TO
HITADEREIRL 5, |

- GLASTAB 7T ¥ x Z Mid, FoCa ¥t TOM BT/ NT A — FELRIREEL 72,

© BEHAERIEDRIE T AR ) . BILRTRIRI=T 7 4 — N F TR ERTERE &
FTHDIIHFEICEETH), dLREFIBTRETHS 261X, itoRiId
DEETIE RV,

HOOMEIZ, & S BELZLOPPDLLTEWERETHLIFE. FVEREHF, B
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D SiEMIRICET A2 ETH S,

ST AL DS & 34T (M. Del Nero 12484 Y R.Barillon)

GLASTAB 7Yz 27 P& LTEBEINIMEIZIDODEELR My 7 AIHFIT 615,
1. 9Y%=F, 72F=FORE/MNMB 70 RICETLERNLZMAE 2155 2 &
2. WORAEERTDS V¥ =F, 7T/7F=FOErEELTAHIL
3. REEEBECEBELZFAVHRTOA NIV FIAL, TYyFZF, T7/F= FOMK

H/ER Y 3R A DRFFE
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—F., EENZMAL/ELONT
- BT ORI LT D REIENC “BRIEEA” T HLW 2SR LRI, RRTE
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- BETOLRICE LT 3MOTLEIX, EY AIOHREY 1 FADIFEICEVWHFN
2EOTWD, I3 MDT 5= F, 727 F= FOREIIKMED REEEE &KL
LEEET S, Np(V) i, AIOHDEEY 4 M3t LT 3METESL Y DBMHME, £
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ZoTWTHTNA)MD pH FTIZ Np(V) 2SRRI AT NAE Z LI, HOTH
%,

s, BHEL S NV/BERRICBT A NEBREORE/ EEBICH LEZELERPH -7 .
FVEEIIREELE I PO— VT35 GEFEICEVWEAEEZ YA 4w, Si0H %
A PDEER L, BWBFMED FeOH, AIOH 4 3472 \vy) AT pH THRAE X, 72
57 P —RREVANVEET, IRNZELEEFH L, TobLbLARETT I A%
RS DTEERERIEL RBEPEIDPTH B, TIVH ) EOEMAETIE, TEDIELEDS,
BEILS GV RBEIEREARE Np(V) & HREE 12339 5) I2XoThEDLND, BEED
BARTIZ, 3MOTENAF URBIZE o TAET AHET A P2 D5,

- LKA/ TFNV/BERFETOIMIERD (|) INEOHIETIE, PHICEVpH T
Am & Bu il LT AANDIE (R) PWERNEDRH B L 2R Lo T ADBERHIC
Lo TRANZ3MDT > = FTHEBELED D, BAHDOKBIEOFEREE
B &R, MHDORBEIE L DEEILE X VADE L DAL, KPDOH T AD
BHICBIT S 3MIEEORFREZ Y b — V15, MgCl kb Tix, ¥V ET
DA F VDS, SMITEDBEREFRELT I PO — VT 5,

BB 2 ER IROBRIZ R B, ‘

- BREICBUIAET 7 F=FET I = FOEENT, 2 LBHBRETDH 5 KBRILY Tho,.
U0, - 2H,0 & Ao R ERE AmOHCO, (Y, La, REE 3 [AR) O#THIC X Y 2> b o—
VWEND, BHIZBWTIX, BEREINF NV EDTLERED, BT A b VEE
& BLETEVWENDOH29 A4 M) W TATEOHEMAICXoTavyba—
b, »

© RFEITHREIE pH OAT, BWTRBE T, BVWIV/BRREBLEETH L0 E
) BPDOEFAIT, LREE, An* 2 & o THER % ZREGEIEBRR L 25 ThHAH ), FEFILE
WV /BERRBELETHoTD, WEDFRZHEIITHI2E, RBETLEIRETH
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GLASTAB — CORALUS — GLAMOR - meeting: October 29-31
Agenda

October, 29" : GLASTAB

08h30 —10h30 Characterising the gels (J.L. Crovisier)

-Introduction + SEM-STEM characterisation of natural gels (J.L. Crovisier) 15 mn
-SEM-STEM on gels formed during long term experiments with

nuclear glass (E. Curti, J.L. Crovisier) 25 mn
-Measure of diffusion coefficients in natural gels (P. Berne) 20 mn
-Measure of diffusion coefficients in nuclear glass (K. Ferrand) 25 mn
-In situ irradiation (+ gel stability- biblio 7) (A. Abdelouas) 10 mn
-Gel stability (S. Gin) 10 mn
-Discussion 15 mn

10h30 - 11h00 Break

11h00 — 13h00 Modelling of alteration kinetics and gel formation
(B. Grambow)

13h00 —14h30 Lunch

14h30 — 16h15 Glass alteration under near-field conditions
(K. Lemmens)

-Introduction : Kle 10 min
-Study of near field materials (WP4-4, WP4-5): Kle 15 min + 5 min discussion
-Dissolution Kinetics in integral conditions I (WP4-1, WP4-3): CEA 15 min + 5 min

discussion
-Dissolution kinetics in integral conditions II (WP4-6, WP5-7): Kle 15 min + 5 min

discussion
-RN solubility in the near-field (WP4-7, WP4-8) : VPi 15 min + 5 min discussion
-Scientific conclusions and planning of the final report: Kle 10 min + 5 min discussion

16h15 - 16h45 Break

16h45 - 18h30 Performance calculations: long-term glass package
behaviour (l. Ribet)

-Operational modelling: I. Ribet 30 min + 20 min discussion
-PA : B. Schwyn 20 minutes + 15 minutes discussion
-Conclusions and planning of the final report: 20 min

19h40 Dinner
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October, 30" : GLASTAB (am) / CORALUS (pm)
08h30 —10h30 RN sorption and coprecipitation (Remi Barillon)
10h30 — 11h00 Break

11h00 - 13h00 General conclusions, final organisation
-Planning and final report: I. Ribet 20 min

-General discussion on GLASTAB conclusions and outlook: 1h40
13h00 - 14h30 Lunch
14h30 - 16h30 CORALUS
16h30 - 17h00 Break
17h00 - 18h30 CORALUS

19h40 Dinner

October, 31°' : GLAMOR
08h30 — 1030 GLAMOR
10h30 - 11h00 Break
11h00 - 13h00 GLAMOR
13h00 - 14h30 Lunch
14h30 — 16h30 GLAMOR
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Ceq Summany

This meeting was both a cluster meeting for the GLASTAB and CORALUS-II project and the final
meeting of the GLASTAB project. It took place at Avignon, France, on October, 29 & 30", 2003 and
has been followed by a technical meeting of the GLAMOR project. The GLASTAB part of the meeting
was devoted to an overall view of all the technical results acquired in the frame of the project, in order
to draw to major conclusions to be integrated into the final report. The last requirements to organize
the writing of the final documents were also discussed. The CORALUS-II part of the meeting was
devoted to the presentations of scientific achievements obtained during the previous year. The
administrative issues were also discussed, in order to organise the work for the next 6-months period
of the contract.

All the discussed achievements will be reported in detail in the scientific reports.
A copy of the presented overheads was distributed during the meeting.

GLASTAB

Overall view of the results acquired in the frame of the project

5 sessions were organized, corresponding to the five chapters of the final report, as discussed during
the previous meeting. The agenda of each session was prepared by the partner in charge of the
coordination of the writing of the relevant chapter.

Gel characterisation and observation (J.L. Crovisier)

The following issues were presented and discussed during the meeting:
o study of alteration layers from basaltic glasses
+ study of alteration layers from nuclear glasses
e diffusion through the layer (basaltic and nuclear glasses)
e in-situ irradiation
o gel stability
The conclusions that can be drawn from all these studies were discussed during the meeting:

e the nature (texture, composition, diffusive properties) of the gel depends greatly on external
conditions and varies with time ; the GLASTAB project provided a more accurate description
of different kinds of gels ;

« the formation of secondary precipitates has to be taken into account ;

¢ the question if the gel layers are protective or not remains open, but the diffusion processes
are identified to play an important role ;

» it is important to define the relevant terminology (a glossary in the first technical chapter of the
final report is indicated).
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Modelling of aiteration kinetics and gel formation (B. Grambow)

Bernd Grambow presented the different modelling approaches that were used in the frame of the
GLASTAB project in order to improve the understanding of various phenomena:

o literature review: it is ready and will be summarized in the final report ;
¢ Monte-Carlo modelling: useful for providing qualitative explanations of several mechanisms ;
¢ thermodynamic modelling of gel formation: a paper has been written ;

 modelling of porosity evolution and of mass transfer in gel: it seems to be a promising
approach but the use of the KIRMAT code proved to be more difficult than expected at the

beginning of the project ;
¢ overall modelling of kinetic reaction scheme: GLASTAB has provided several ways to describe

the important rate drop that is observed when glass is altered in initially pure water. The
GLAMOR project will provide more detailed information on that subject.

The main conclusions that can be drawn related to the subject of modelling are the following:

 there is a general agreement on several phenomena: Si transport, Si retention, slow-down of
the reaction, gel densification over time ;

¢ some uncertainties remain, that lead to use some fitting parameters in the models instead of
intrinsic parameters ;

o we still need more detailed information on gel porosity and texture, and on dissolution /
precipitation kinetics of mineral phases :

» the remaining challenge concerns the modelling of the long-term rate: several modelling
options are available, but this rate has not been modelled yet.

Glass alteration under near-field conditions (K. Lemmens)

It has been decided during the meeting to invert the place of this chapter in the final report with the
one related to RN. The Glass alteration under near-field conditions becomes the chapter 3 (instead of

4).

This subject was divided into 3 main parts:
1. Study of near-field materials
2. Integral experiments
3. Geochemical and Monte Carlo modelling of glass/clay interactions

The main objectives were:
1. toidentify the processes
2. to identify the parameters
3. to determine the values / uncertainties
4. to identify the remaining problems

The conclusions that can be drawn from the experiments and the modelling work performed in the
frame of the GLASTAB project are the following:

e fresh Boom clay and FoCa7 clay increase glass dissolution rate,

» very low dissolution rates can be obtained in the presence of clay, when the clay is saturated
with Si,
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» the glass dissolution does not stop when the short term sorption capacity of the clay is
reached: a remaining Si fixation mechanism (precipitation) is likely, that does not prevent a

@ strong decrease of the dissolution rate,

e glass dissolution in concentrated clay is fundamentally different from glass dissolution in
——— water or in diluted clay suspensions,

» the GLASTAB project provided detailed migration parameters values for FoCa clay,

o as far as radionuclides are concerned, it has been shown that the redox effects are very
important for determining the RN concentrations in the near-field, and that the type of clay is
not so important if the conditions are reducing.

The remaining problems are related to the contradiction between the high dissolution rate despite a
high Si concentration, to the gel dissolution kinetics, to the relevant mass of bentonite and its effect on
the final rate, and to the effect of Si-additives on the waste disposal considered as a whole.

Radionuclide sorption and coprecipitation (R. Barillon on behalf of M. Del Nero}

The studies performed during the GLASTAB project can be divided into 3 main topics:
1. Gaining basic knowledge on adsorption / precipitation processes of Ln and An
2. Quantifying sorption of Ln and An on glass alteration gels
3. Studying the release / uptake of Sr, Ln and An during gel leaching under carbonated
conditions.

The studies performed during the GLASTAB project provided valuable insights into the processes that
govern the behaviour of Sr, Ln and An elements in gel / solution systems.

On the one hand, basic knowledge has been gained:

e on the precipitation processes: maximal element concentrations after dissolution of HLW in
“acid media” in the long term controlled by formation of poorly soluble hydroxides Th(OH),,
schoepite (UO;-2H,0), gibbsite (Al(OH),) and of more or less soluble carbonates AMOHCO,
(homologue for Y, La, REE) and MgCO,.

e on the adsorption processes: trivalent elements have very high affinity for strong AIOH surface
sites, so adsorption of Ln3+, An3+ may compete against aqueous carbonate complexation.
Np(V) has lower affinity than trivalent elements for AIOH surface sites, and the concentration
of AIOH (FeOH) surface sites does not depend on the composition of gels, that ensure only
minimal uptake of Np(V) under basic pH, whatever the gel composition.

On the other hand, significant progresses have been made with the identification / quantification of

sorption processes in complex gel / solution systems:The gel structure controls adsorption (low
amounts of very high affinity sites, low amounts of high affinity FeOH, AIOH sites, SiOH sites
predominate). At near-neutral pH, the adsorption is an efficient retardation process only at
trace concentration levels i.e. at short term and / or at low release rates of elements from
glass dissolution. In basic media, the retention of elements may be dominated by the
formation of mobile strong carbonate aqueous complexes (for Np(V) and HREE). In acidic
media, sorption of trivalent elements may be dominated by ion exchange on permanent
charged sites. '

e The studies on (ad-)sorption of trivalent elements in complex glass / gel / solution systems
show that at near-neutral pH, there is a strong effect of (ads-)sorption on gel for Am and Eu, a
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similar effect on Lna+ released by glass dissolution, and a decrease of the effect in presence of
aqueous carbonates. The competition between aqueous carbonate complexation and
adsorption on gel controis the retention of trivalent elements during glass leaching in water. In
MgCl, brine, ion exchange on gels controls the low retention of trivalent elements

—————— The final conclusions are the following:

In the long term, the behaviour of An and Ln is controlled by precipitation of poorly soluble
hydroxides Th(OH),, schoepite (UO;-2H,0) and of more or less soluble carbonates AmMOHCO;
(homologue for Y, La, REE).In the “short” term, the adsorption of elements on forming gels is
controlled by the element affinity for strong sites and gel structure (low amounts of high affinity
sites).

Adsorption may be efficient secondary retardation process for LREE, Am3+ only at near-
neutral pH, at low concentrations of elements and / or at high surface gel / solution ratios.
(Although at very high gel / solution ratios, the validity of prediction for adsorption has to be
tested....Future work ).

Adsorption is not an efficient retardation mechanism, neither for Np(V) and HREE under basic
media, where mobile aqueous carbonate complexes may predominate (solubility limiting
phases : carbonates), nor for Am3+ and Ln3, under acidic pH, where ion exchange
predominates.

Experiments in complex glass / forming gels / solution systems have confirmed that the
behaviour of elements and the predominant sorption mechanism depend on the physico-
chemical conditions: trivalent elements released by glass dissolution are incorporated by
(ads)sorption on gels at near-neutral pH. Under basic pH, there is competition between
adsorption and aqueous carbonate complexation leading to a decrease of retention (the
solubility limiting phases are possibly carbonates). In MgCI2 brines, the predominant sorption
mechanism is ion exchange (low efficiency).

Performance calculations: long-term glass package behaviour (. Ribet)

The results presented during this session intends to integrate all the knowledge acquired in the frame
of the GLASTAB project into an overall view of glass performance, firstly in systems where only the
glass and its immediate surrounding environment is considered (operational modelling) and secondly
in disposal concepts taken as a whole (performance assessment).

The final conclusions are the following:

The glass performance depends on the reactivity of the surrounding environment (short-
medium term) and on long-term rate, for which the relevant mechanisms are not identified so
far. The issue of the efficient surface was not addressed in the frame of the GLASTAB project.

As far as PA is concerned, a sensitivity analysis on glass dissolution rate shows that within the

.near-field barrier system, the glass dissolution rate starts to get significant around the Nagra

reference value of 7 10° kg.m?2a” (1.910* g.m?j"). The retention capability of caesium
depends on the dominant phenomenon chosen for Cs migration (solubility limit or sorption).

The question if the glass is a good confinement matrix or not depends both on the nature of
the considered radionuclide and on the nature of environmental materials. The disposal
concept has an impact on the minimal glass performance.

6/9

_—35—



JNC ZN8200 2003-002

Deadlines and administrative issues

C@ Communication on GLASTAB results
A presentation of the 3 projects (GLASTAB, CORALUS, GLAMOR) has been required by the

European Commission in the frame of the Euradwaste'04 conference (March 2004 in Luxembourg). 1.
Ribet will write the paper and submit it to the partners of the 3 projects (deadline: December, 15™),

A presentation of the GLASTAB results in a general Brochure devoted to Geological Disposal of
Radioactive Waste has been required by the European Commission (deadline: December, 1%). I. Ribet
will write the paper and submit it to the GLASTAB partners.

Concerning the general document for the public (work-package WP6-3 of the GLASTAB project), it
appeared that it was impossible to present the GLASTAB results without explaining a lot of general
knowledge on waste, disposal, radioactivity and so on. This information already exists in several
websites. It has been proposed to the Commission to replace the writing of this document by the

combination of:
1. the paper for the Brochure on Geological Disposal of Radioactive Waste
2. alist of websites related to the subject.

Mr. McMenamin accepted this proposition.

Final Report

The length of each technical chapter has to be around 10 pages. This is not compulsory, the chapters
may be longer if necessary (up to each chapter coordinator).

The management report has to be separated from the scientific report.
Deadlines
e cost statements: end of December
e Technological Implementation Plan: end of January
¢ Finai report:
o draft of technical chapters: December, 15"
o compiled draft report submitted to partners: January, 25"
o proof-reading by partners: end of February
o Final version: end of March.

This delay in the delivery of the final report was discussed during the previous meeting, submitted to
and accepted by the Commission, provided that no expenses will be charged on the project after
October, 31%. Mr McMenamin, on behalf of the European Commission, insisted on the fact that this

deadline is compulsory. No delay will be accepted.
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CORALUS-II

@ Presentations on the achievements of the last year

— E. Valcke gave a short introduction to the overall CORALUS project, and then presented the progress
obtained with the in situ tests since last year: WP1 installation of test tubes N° 3 and N° 4, and WP2
operation of test tube N° 2, WP3 (preparation of) retrieval and dismantling, WP4 (preparation of)
transport of radioactive glass samples, and WPS5 (preparation of) analyses on glasses and clays.
Total alpha activity of the piezometer solutions is always below detection limit for the bentonite-based
materials (< 0.3- 0.5 Bg/l), and around the detection limit for the dried Boom Clay (0.5 — 0.7 Bg/l; most
probably due to the presence of naturally present U- and Th- isotopes). The ionic composition is
heavily affected by the two-months measurement of the pH and redox potential (high KCI, and, due to
ion exchange, also high concentrations of other cations; additional affect of constant refreshing of the
equilibrating solution, thus diminishing diffusion limitations). The concentration of catlons and anions
and the total DOC content is also considerably higher in the test tubes at 90 °C + *Co. pH and redox
potentials in the test tube 3 piezometer solutions (90 °C + %¢Co) differ considerably from the values
obtained at 30 °C (pH values one pH unit or more lower, redox potentials less negative). CO, is the
most important dissolved gas. Dissolved CO, (total IC) gas contents are lower than the expected 10 -
15 mM in equilibrium with Boom Clay. In test tube 2, the increase of the CH,4 concentration and the
simultaneous decrease of the CO, concentration might be due to the presence of methanogenic

bacteria.

P. Jollivet presented the results of the laboratory test systems on glass corrosion (WP7, 1 and 2 years
at 30 °C, 1 and 1.6 years at 90 °C). The opening of the laboratory reactors revealed that all glass
samples were broken due to the combination of insufficiently plane support and high swelling
pressure. Mass losses cannot be measured directly, and will have to be derived from the SIMS
profiles and the concentration profiles of some key elements (B, Zr,...?) in the contacting clay. It was
remarked that much care has to be taken when performing this type of analyses. SEM photographs of
the different glass samples were shown, and the corresponding thicknesses of the gel layer were
compared with the predictions made with Lixiver 2, Because the experimental results for the
bentonite+sand+graphite backfill material differed considerably from the modelling predictions,
additional glass alteration experiments were started, as well as a percolation test to determine the Si-
sorption (coefficient) for this backfill material.

Administrative and technical issues

During the cluster meeting, the partners of the CORALUS project also discussed on some
administrative issues.

¢ Some deadlines were reminded: the annual report is due at the EC headquarter in Brussels by
November 30, 2003. Cost statements should be delivered to the co-ordinator by November 15.

¢ The co-ordinator was asked to present the CORALUS project at the forthcoming Euradwaste 2004
conference (poster presentation). After approval by the partners, the abstract was sent to the EC
by October 15. E. Valcke and P. Van Iseghem will also be co-authors to a paper that reports the
resuits of the three EC-funded projects on glass (Glastab, Coralus, Glamor).

» Given the extension of the CORALUS project (until 31.03.2005) and the fact that only three
partners are involved in this project, it was agreed with the EC scientific officer that the next
technical meeting will be organised only in the second semester of the fourth working year (i.e.

8/9
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October or November 2004, place yet to be defined). For further execution of the project, the co-
ordinator will check directly CEA or GRS, and inform the third partner if appropriate.

C&] e In the integrated project NF-PRO (6™ Framework Programme (Euratom) of the EC), only a
detailed interpretation of the results obtained for CORALUS test tubes 2 and 3 is foreseen. The

further operation and the dismantling of test tube 4 is not included in the NF-PRO integrated
project. Consequently, EC funding for CORALUS will stop by 31.03.2005. The co-ordinator will
check whether there are possibilities to obtain EC co-funding for the period after this date (see
below).

o At present no agreement exists on the post-CORALUS-II collaboration of the three partners.
Within the Belgian research programme, the retrieval and dismantling of test tube 4 is foreseen for
the period 2008 — 2009 (unless any contamination of the piezometer solutions would necessitate
the earlier retrieval of the test tube). An advantage of this decision is that this will enable to study
glass samples after about six years of alteration. Conversely, this implies a higher operational cost
(especially the exploitation costs). During the next year, the partners should think about the
different options for any further collaboration (on a bilateral basis, other ways of funding,...).

¢ SCK will install in the beginning of November a fifth test tube, to be operated during 10 years at 30
°C, without *°Co sources. This test tube does not contain the highly radioactive Pu and Am doped
glass samples, but yet includes the non-radioactive and slighly radioactive Np doped SON68 glass
samples. These glass samples were provided by CEA Valrhd, without a formal collaboration
agreement being signed. CEA intends to participate in the later analyses of glass samples and
clay materials. At present, it is not clear yet whether the dissolved gases of the piezometer
solutions will be analysed.

e The partners are reminded that a decision will have to be taken on the utilisation of the 50 000
Euro instep fee of JNC to participate in CORALUS. This sum might be welcome to help to
overcome the higher cost of the CORALUS-II project, a.o. because of the one-year extension, or
to do some additional analyses. The co-ordinator will make a proposal during the coming months.

9/9
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S

SCK:

STUDIECENTRUM VOOR KERNENERGIE
CENTRE D'ETUDE OE L'ENERGIE NUCLEAIRE
T T

#

CORALUS: an integrated in situ
corrosion test on a-active HLW glass

SCK+CEN, Mol, Belgium (co-ordinator)
CEA-Valrho, Bagnols-sur-Céze, France (glass)

GRS, Braunschweig, Germany (gas analysis)

EC-Contracts FI4W-CT96-0035 (1997-2000)
FI4W-CT2000-00011 (2000-2004)

N/O Contract CCHO-98/332 (2000-2003)

ONDRAF/NIRAS

JNC (Japan) Collaboration agreement for modelling of results

» a
STUDIECENTRUM VOOR KERNENERGIE
CENYRE D'ETUDE DE L'ENERGIE NUCLEAIRE

The objective is to study the performance
of the glass SON68 18 17 LIC2A2Z1in
realistic close-to-real” conditions (172)

8 dissolution of and RN leaching from the glass
® migration of RNs through three backfill materials
B combined effect of y-irradiation and temperature

B cffect of a-irradiation dose rate

B o-active SON68 glass (0.85 wt% RNs)

® backfill materials exert swelling pressure of 2 MPa

@ presence of a.f3,y-irradiation

B contact with host rock (pH, redox conditions)
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The objective is to study the performance
@ of the glass SON 68 1817 L1C2A2Z1

in realistic “close-to-real” conditions (2/2)

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEAIRE

=>» Five modular test tubes for integrated
in situ testing

=» + laboratory experiments:
» glass corrosion (+ clay alteration)

« thermal gas generation

Results of the in situ test to be compared with
results of COrRALUS and other lab experiments,
and with modelling predictions
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TUDHI
CENTRE D'

STUDIECE! R
£

“ENTRUM VOOR KERNENERGIE
'ETUDE DE LENERGIE N 1

RGIE NUCLEAIRE

Five CORALUS test tubes are included
in the in situ test

Tube Active or Temp. Gamma Duration
Inactive Glass °O) (*’Co) (year)
1 | 90 no 1
2 A+] 30 no 2.5
3 A+l 90 yes 1.5
4 A+l 90 yes 4
S* A+l 30 no 10
* For NIRAS/ONDRATF only
Active glass samples contain
0.85 wt% of actinides
Type of Actinide Activity/sample Total Activity
glass (MBq) (MBq)
Np-doped >"Np 1.1 20
Pu-doped | #***?py 179 3220
**Ipu 1 658 29 835
*Am 61 1092
Am-doped ' Am 5095 91 708
239-240py <205 <3 690
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Laboratory Program

Gas generation and release from the different backfill
materials as a function of time at a temperature of 90 °C

preparation of the ampoules
21 ampoules from each of the different backfill

material
additional 6 ampoules for blank tests

exposure periods will vary between 1 and 1000 days

ampoules for the periods of 30, 100, 300, and 1000
days have already been exposed

analyses for the periods of 1, 10, 30, and 100 days will
be performed Oct. to Dec. 2001

analyses for the periods of 300 days will be
performed Feb. 2002

analyses for the periods of 1000 days will be
performed Nov. 2003

C:\TEMP\gas release.doc
— 43—
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welded after

filling \ connection piece
3 I NS 12.5
| break piece
o
o
™
o
(Yo}
N
—H— clay
\ A 4

Ampoule for the investigation of the generation and release

of gases from the clay as a result of elevated temperature

CATEMP\Ampoule.doc
— 44 —
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R7T7 gel stability (WP4.2)

Objective : to assess the durability of the passivating
effect of the gel between pH 4 and pH 11

Experiments at imposed pH
Perturbation of experiments at unrestricted pll

Avignon, October 29 2003 Glastab WP 4.2 S. Gin

Effect of pH perturbations

2 steps

1/ alteration in pure water at 50cm! during 56d
(conditions to obtain a dissolution rate of 5.104 g.m2.d-1)

2/ perturbations (pH hasification. pH acidification. dilution)

Comparison of the glass dissolution kinetics between
the reference medium and the perturbated medium

Avignon, October 29 2003 Glastab WP 4.2 S. Gin
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Alteration products at pH 11.5

S TGl %

«2,000 18pm WD15mm

Avignon, October 29 2003 Glastab WP 4.2 S. Gin

Alteration products at pH 11.5

precipitates

gel

fresh glass g

25 gg
o I
%’ 0 l 1 JVIA
- "‘w’l«wﬂ"’
10 15 20 25 2;0 35 40 45 50
Avignon, October 29 2003 Glastab WP 4.2 S. Gin
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Effect of pH increasing

10000 7 SR — 1 TRE
opH9,5
.~ pH10 1000 1 -
x pH 10,7 '
_ 1000 . + PHITS p
E)
E . §o )«x X x X X X
@ * E x
g, i 100 : = 5 %
ot X 1 K g " ety 9 9 ;
100 i i
*XX x X X X X ’:
v FAe & = & 3 "
10
0 50 100 150 200 250 300 350 400
10 t t +
Temps en jours
0 100 200 300 400
Temps en jours
Avignon, October 29 2003 Glastab WP 4.2 S. Gin
™ g > * LY e L
Effect of pH acidification
10 - 140 -
9 le e ¥ g5 o * o - 120 *
\ W/O—\o—’——4 .
8 100 *
\f g :
4 = .
r 7 \ —e— acidification E’ 80 1 . » + acidification
[ -~ * 2
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\ (&) » a."» "
5 S 40 e
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3 . . . . . . . 0 . . . : , : .
0 100 200 300 400 500 600 700 0 100 200 300 400 500 600 700
time (days) time (days)
Avignon, October 29 2003 Glastab WP 4.2 S. Gin
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Effect of dilution

100 + o e e
90 |
80 | . X
70 + *
= X
o 60+ .
£ i . PR X ¢
@ 501 <%
% g X
40 {4 | « X N * ¢ REF
VR * X dilution 2
VX % x  diution 150
20 + : X * e - perturbation
H EN H
LK
10 4 3
0 /i + } } ; + + {
0 100 200 300 400 500 600 700
Time (days)
See also Gin (2000) MRS Sydney
Avignon, October 29 2003 Glastab WP 4.2 S. Gin

Conclusions

» Until pH 10 a drop of pH has no consequence on the glass dissolution
kinetics. Above pH 10, the results coud be interpreted by considering the
phenomenon observed previously (experiments at imposed pH).

* A rough decrease of pH leads to an increase of the glass alteration and also
to an increase of pH. After 6 months the kinetics become again equal to that

measured in pure water.

* The dilutions (x2 and x150) have little consequence on the kinetics of glass

dissolution.

o bram o cheancal pomt of view (he vel tormed on the SONGN gliass
ietns stable and protectine betos phi T8 oven o vou change the Si
cOncentration

Avignon, October 29 2003 Glastab WP 4.2 S. Gin
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e CORALUS II: Laboratory Glass
B Corrosion Tests

- Progress report of laboratory experiments

Comparison between experimental and
calculated gel thicknesses

N. GODON, P. JOLLIVET, G. PARISOT CEA Marcoule

CORALUS - October 30*" 2003 1

= ‘ CORALUS II: Laboratory Glass

Corrosion Tests

The european project CORALUS Il included laboratory alteration studies of
non radioactive R7T7 glass monoliths in contact with environmental
materials to allow comparison between laboratory and in situ glass
alteration behavior

The laboratory experiments must be as representative as possible of the in
situ experiments

The laboratory experiments were done in stainless steel reactors and have
begun for 2 years

the same 3 backfill materials than for in situ tests have been used

Alteration at 30° and 90°C
3 durations per temperature: 1y (30,90°C), 16 m (90°C), 2 y (30°C), x years

CORALUS - October 30t 2003 2
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C@E] I CORALUS lI: Schema of a reactor

Vacuum & I

hydrogenated —»D——— ‘——I—__J 4-——{ Solution inlet valve

argon union —
' —_D‘\[ Quarter-tum valve J
Cowvi

er
T
\rPorous filter (10-15 ) l

Ir Environmental material ]

‘\

Viton seal

\r Test coupon position |

Removable
bottom
block material size : = $4x4 cm? glass monolith : $30x3 mm?
CORALUS - October 30t 2003 3

G0l CORALUS I1: Module A - Boom clay (1)

30°C - 2 years Boom clay - bottom side 90°C - 16 months

CORALUS - October 30t 2003 i 4
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C=J| CORALUS Ii: Module A - Boom clay (2)

Boom clay - bottom side
30°C - 2 years 90°C - 16 months

CORALUS - October 30" 2003 7 5

G0 CORALUS II: Module A - Boom clay (3)

30°C - 2 years
semi profile polished section

024278 e.s. 15.0kV  x1,008  1Bum WD36mm 004300 e.s. 15.80kV  x5,000  1pym WD1Smm

altered layer: 1 £0.5 pm
CORALUS - October 30™ 2003 6
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.

=3l CORALUS Ii: Module A - Boom clay (4)

90°C - 1 year

semi profile semi profile

. -
4 803522 retro 15.0kV  x1,588  18pm WD17mm 203519 e.s. 15.8kV  x5,000

CORALUS - October 30t 2003 7

G| CORALUS Ii: Module A - Boom clay (5)

90°C - 1 year
polished section

g

EDS analysis

103504 retro 15,0k 405 WD15mm

altered layer: 50 to 60 pm
CORALUS - October 30" 2003 8
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G| CORALUS Ii: Module A - Boom clay (6)

90°C - 16 months
semi profile polished section

003782 e.s. 15.0kV  x1,088  16pm WD14mm
outer layer = 6 pm (Si, Al, Ca, Fe, REE)

CORALUS - October 30t 2003 9

G| CORALUS II: Module A - Boom clay (7)

90°C - 16 months
polished section polished section

" 903781 e.s. 15.0kV x18,000  ipm WD1dmm 03763 e.s. 15.8kV

altered layer: 55 to 90 pm
CORALUS - October 30" 2003 10
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CORALUS II: Module A - Boom clay (8)

1.6 1 100 T
30°C [ 90°C .
¢ ]
| _— 80 T
12 4 g- : .
3 . p ([ —
=2 . 0 601 y
@ 08 g . v
Ll 4 : *
E o A-0x J 5 40 +
o oA-red = [ [eA-0x
T 04 T
- B exp - 20 | ¢A-red
mexp
0.0 e S 0— } : =
0.0 0.5 1.0 1.5 20 0.0 05 1.0 15
TIME (year) TIVE (year)

CORALUS - October 30 2003

11

CORALUS - October 30t 2003

CORALUS II: Module B - PRACLAY (1)

PRACLAY mixture - above side

30°C - 2 years
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G | CORALUS II: Module B - PRACLAY (2)

PRACLAY mixture - bottom side
30°C - 2 years 90°C - 16 months

CORALUS - October 30™ 2003 13

= | CORALUS II: Module B - PRACLAY (3)

30°C - 2 years

semi profile polished section

«1,500 10pm WD36mm [N P04238 retro 15.0kV  x508  18pm WD1Smm
altered layer ? (< 0.25 pm)

CORALUS - October 30™ 2003 14
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G | CORALUS II: Module B - PRACLAY (4)

90°C - 1 year

..L .

x300

same composition for nodules (~ 1 um) and packs (~ 30 pm): Si, Ca, REE

CORALUS - October 30'™ 2003 15

CEJ | CORALUS II: Module B - PRACLAY (5)

90°C - 1 year

semi profile

o

003516 e.s. 15.0kV 2,500

crystals : P, Ca, REE
CORALUS - October 30'" 2003 16
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G20 | CORALUS II: Module B - PRACLAY (6)

90°C - 1 year

| polished section polished section

: y7 s

= e b A S i

e e 8 S D SO s o Ao “1 . “il . /] o = A - - ;
3 083487 e.s. 135.8kY %220 10@pym WD16mm © 003483 e.s. 15.8kV  x3,00 1pm WD16mm

altered layer : 70 £ 5 pm
CORALUS - October 30t 2003 17

CEJ | CORALUS Ii: Module B - PRACLAY (7)

90°C - 1 year
EDS analysis

CORALUS - October 30™" 2003 18
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CORALUS II: Module B - PRACLAY (8)

90°C - 16 months

semi profile polished section

§ 003788 e.s. 15.0kY x308  10um WD14mm

altered layer : 95 £ 5 ym

803767 e.s. 15.0kV 508  1@pm WD36Emm

CORALUS - October 30 2003 19

CORALUS II: Module B - PRACLAY (9)

CORALUS - October 30'" 2003

1.6 - . -
[ a0C 120 i 90°C
= ! =100 |
12/ E | :
= [ . 3 L
~ i =g+ R
2 | ! N ;
08 1 . W 60
S Sw
T04 1 |*+cd T | leca . '
F [ mep i F o0 4 i
| mep
O O T T T N B . O T ; : ,41
00 05 10 15 20 0.0 05 10 15
'llIVE(yea') . | TIVE (year)

20
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= CORALUS II: PRACLAY
complementary laboratory tests

e K, measurement of praclay mixture at 90°C

12

0.3 mL.min"! | [Si] = 50 ppm

(=]
S

5 g praclay
mixture

outlet [Si] (ppm)

‘I' 0 +————— ——t —+ L S e |
[¢] 5 10 15 20 25 30

'35

CORALUS - October 30" 2003 21
=) CORALUS Ii: PRACLAY
— complementary laboratory tests

e Non compacted tests to estimate D, value with PRACLAY mixture
e T=90°C, 1,3 and 6 months 50 g praclay with 15 ml DW

90°C - non compacted PRACLAY

TIME (month)

CORALUS - October 30™ 2003 22




JNC ZN8200 2003-002

G | CORALUS Ii: Module C - FoCa (1)

FoCa7 clay + glass frit
30°C - 2 years 90°C - 16 months

CORALUS - October 30" 2003 23

om———

G2 | CORALUS II: Module C - FoCa (2)

30°C - 2 years

polished section

altered layer ? (~ 50 nm)

P04281 e.s. 15.0kV x30,800 10@nm WD3Smm

CORALUS - October 30" 2003 24
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G | CORALUS II: Module C - FoCa (3)

90°C - 1 year

semi profile semi profile

003524 e.s. 15.0kV 5,008  1ym WD1Stm W . - 4 003528 e.s. 15.0Y x50,000 180nm WD15mm

non uniform layer (~ 100 nm) with nodules (~ 50 nm)

estimated altered layer : 0.1 to 0.2 pm
CORALUS - October 30* 2003 25

G | CORALUS Ii: Module C - FoCa (4)

90°C - 16 months
semi profile polished section

e e

0083757 e.s. i.ﬂkv x10,080 1pm WD3Gmm #3796 e.s. 15.0kV x15,@0‘

Tom WD15m
altered layer : 0.3 to 0.8 pm

CORALUS - October 30™ 2003 26




JNC ZN8200 2003-002

G20 | CORALUS II: Module C - FoCa (5)

08 T 30
i 30°C : 0°C
T r =251
Eo6 | E
~ =201 * *
% 7]
W04 - . D15
E s ca . § s
2 T -
E L F 05+ tca i
. - | meX
Y S IR SES | Y- SN S
0.0 10 20 30 00 05 1.0 1.5
TIVE (year) TIVE (year)
CORALUS - October 30t 2003 27

&= I CONCLUSION

e At 30°C, it's difficult to see an altered layer for aII‘ materials (< 1 pm after 2
years)

e At 30°C, good agreement between calculations and experiments for the 3
materials

e At 90°C, good agreement between calculations et experiments for modules
A (~75 pm after 16 months) and C (<1 pym after 16 months)

e At 90°C, for Praclay mixture, the experimental thicknesses (~95 pm after 16
months) are higher than the calculated ones
= K, measure

estimation of D, with non compacted experiments'at short durations

CORALUS - October 30t 2003 28
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§CK:

IDIECENTRUM VOOR KERNENERGIE
CENTRE O'ETUDE DE LENERGIE NUCLENIRE

CORALUS-II
Activities 2002-2003

Elie Valcke, Steven Smets, Serge Labat,
Pierre Van Iseghem

SCKeCEN
Mol, Belgium

RALUS Glastab 1 October 29-30, 2003

CORALUS-II divided in 8 WPs

voor

STUDIECENTRUM KERNENERFIE
CENTRE DETUDE DE LENERGIE NUCLEAIRE

WP1 Assembly and installation of tubes 3 and 4 (SCK)
WP2 Operation of test tubes (SCK, GRS)
WP3 Retrieval and dismantling of tubes 2 and 3 (SCK)
WP4 Transport of radioactive glass samples (SCK, CEA)
WP5 Analyses on glasses and clay (SCK, CEA)
WP6 Gas generation measurements (GRS)

- WP7 Laboratory glass alteration tests (CEA)

 WPS8 Interpretation of results (SCK, CEA, GRS)




JNC ZN8200 2003-002

Water pressure evolution Coralus 4,
module C (bentonite + glass frit)

10T —C3

= Pressure (bar)

+ - t t t
30-jan-03 31-mrt-03 31-mei-03 30-jul-03 29-sep-03
Time

5

Temperature evolution Coralus 4,
module C (bentonite + glass frit)

STUDIECENTRUM VOR KERNENERGIE
CENTRE DETUDE OF LENERGIE MUCLEAIRE

‘Temperature (°C)
3

— Cor4CTinl

301 — Cor4CTin2
20+ — Cor4CTout
oy
Q}nov-OZ 30-jan-03 31-mrt-03 31-mei-03 30-jul-03 29-sep-03
Time
6
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STUDIECENTRUIM VOOR KERNENERGIE
CENTRE OETUDE DE LENERGIE MUCLEAIRE.

WP2 Operation of the test tubes

e Test tube 3:results

> Total alpha:
& ~0.5-0.7 Bq/l Boom clay (234/235238]J 232Th 77),
& <0.3-0.5Bqg/1 for bentonite-based backfills

» Composition:

& Higher in circulated (ph+Eh) than in not-circulated solutions
(due to higher KCI + ion exchange ?)

« Higher in inner piezometers (higher temperature)
« High total DOC, Na*, SO, (K*, CI")

. » Dissolved gases:

B CO2 higher (3 — 5 x) than at 30 °C: ~12 to ~20 mM total DIC
=>1lower pH ?

similar as at 30 °C

(K-

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE MUCLEAIRE

WP2 Operation of the test tubes

Module/piezometer | pH Eh (mV)
Al - A2 6.5-6.5[7.9;7.8] -40 and -80 [-340: -300]
B1 - B2 6.0-5.5[7.3;(8.3)] 0 and -80 [-310; -280]

6.7 (6.12) - 7.06.8; (7.8)] | -80 and -80 [-200; (-60)]
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SCK* CEN Other work packages

STUOIECENTRIIM VOOR KERNENERGIE

e WP4 preparation of transport of radioactive
samples to CEA (samples and clays of module C) and
PSI (SIMS)

e WP6 thermal gas generation at 90 °C (GRS) :
measurement after 1000 days in November 2003

e WP7 laboratory glass alteration tests in
. conditions similar to those of CORALUS (same backfill,
-~ Boom clay water for saturation, same temperature,
same duration, but no Co sources)

13
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5.3 GLASTABZ B> =/ k
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=9 October, 29th

R -~ 8h30 - 10h30
~ 10h30 - 11h00
-~ 11h00 - 13h00
- 13h00 - 14h30
~ 14h30 - 16h15
~ 16h15 - 16h45
- 16h45 - 18h30
-~ 19h40

- October, 30th am
~ 8h30 - 10h30
— 10h30 - 11h00
-~ 11h00 - 13h00
— 13h00 - 14h30

Agenda - GLASTAB final meeting

Gel characterisation (JLC)

Break (copy of overheads)

Scientific modelling (BG)

Lunch

Alteration under near-field conditions (KL)
Break

Operational modelling and PA (IR)
Dinner (meeting in the hall of the hotel)

RN sorption & coprecipitation (RB)
Break (copy of overheads)

General conclusions, final organisation
Lunch

CEA /DEM/VRHIDIEC/SESC/LCLT/isabelle RIBET

GLASTAB - Oclober 29-30, 2003 1

Objectives

SO Synthesize the results
Discuss the conclusions
Prepare the final report

CEA /[DEN/NVRH/DIEC/SESC/LCLT isabelle RIBET

GLASTAE - October 29-30, 2003 2
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WP 4.1

Preparation of integral alteration mockups to
determine the alteration gel stability domain at
50°C in a reducing alkaline medium in the
presence of realistic corrosion products and
realistic barrier clay

study how the relative positions of the glass and of
the environmental material influence the gel
development.

CEA /DEN/VRH/DIEC/SESC/LCLT GLASTAB - Final meeting - Octobre 2002 1

Design of the mockup

Clay Clay

Stream of solution

m——

CEA /DEN/VRH/DIEC/ISESCACLT GLASTAB - Final meeting — Octotre 2002 2
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0 Experimental conditions

Compacted FoCa clay

Mixture of 1/3 Siderite (iron carbonate forming during the
alteration of the container in the contact of clay), 1/3 Fe, 1/3
FoCa clay

R7T7 glass powder
Anoxic conditions
90°C

Pure water (0.1ml/day)

CEA /DEN/VRH/DIEC/SESC/LCLT GLASTAB - Final meeting — Octobre 2003 3

CEA IDENNRHICIEC/ISESCACLT GLASTAE - Final meeting — Octobre 2002 4
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4 tests were performed (1 for GLASTAB),
2 only functioned well
(problems of water circulation according to preferential ways)

Clay

Clay

Influence of the environment on the gel formation and on the glass
alteration kinetics

Clay

CEA /DEN/VRH/DIEC/SESC/LCLT GLASTAB - Final meeting - Oclobre 2003

(MEB, SEM ...): thickness, composition, structure ...

Sample with various places of the glass powder characterization of the gel

CEA IDEN/VRH/DIEC/SESC/LCLT GLASTAB - Final meeting — Octobre 2002
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eSP Planning

Running the test : 6 months
Stopping the test : October 2003

Analysis and treatment of the results : from
October 2003 to January 2004

CEA /IDEN/NVRH/DIEC/SESC/LCLT GLASTAB - Final meeting - Octobre 2003 7
€SP Coralus-like experiment at 50°C (material C)
Vacuun&
hydogerated—bD { | «—{  Souoninetvave |
argon union O—
Quarter-tum vave
Porous filter (10-15 um)
Viton seal ————  Environmental materia J
Removeble | —p| Test coupon position
ot E— |

measured gel thickness: ~ 0.5 um

calculated gel thickness: 0.40 um (D, =7.4 1077 m2.s" C* = 100" mol.L"*)

good agreement between calculated and experimental thicknesses but only
one point

CEA /DENNVRH/DIEC/SESC/LCLT GLASTAE - Final meeting ~ Octobre 2003 8
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Peiformance calculations
Long-term glass package behaviour under integral
conditions

Operational modelling

CEA /DENNRH/DIEC/SESCLCLT isabelle RIBET Operational modelling - Final meeting GLASTAB - October 29, 2003 1

Operational modelling / Scientific modelling

Glass package in near-field Known glass surface in
conditions controlled environment

Bresichion OF Do BlgLE Prediction of rate for
SRR comparison with experiments
Tradeoffs between realism Realism

and simplicity

Choice of phenomena, Test of hypotheses,
hypotheses, numerical determination of numerical
values, uncertainties values

QAG= [[f{s,S)ds d

CEA /DENNRH/DIEC/SE SCALCLTAsabzlie RIEET Operalional modelling - Final meeting GLASTAB - October 29%, 2003 2




JNC ZN8200 2003-002

Phenomena included in CEA operational model

Interdiffusion

Hydrolysis

In-situ recondensation and
gel formation

Gel evolution

Secondary phases
precipitation

Effect of glass fracture
Effect of environment

Crystallisation
Auto-irradiation and
radiolysis

Evolution of fracture ratio
Volatility of RN and gas
Radionuclide retention and
coprecipitation

Effect of glass composition

Explicitly or implicitly

included in hypotheses

Neglected or included in
numerical values

CEA /DEMNVRH/DIEC/SESC/LCLT/Isabelle RIBET

Operational modelling - Final meeting GLASTAB - October 29", 2003

3

Alteration rate

Initial rate r,

Rate drop r{#

Alteration

Gel formation

Hydrolysis

End of alteration
and/or precipitation of phases
and/or gel evolution

Precipitation of
secondary phases

Interdiffusion

Time

CEA /DENARH/DIEC/SESC/LCLT/isabille RIBET

Operational modelling - Final meeting GLASTAB - October 29", 2003 4
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m \\
\\
Y
~
by
- meme—— >

Time
Time

Two operational models

ryS
operational
model

r(t)
operational
model

CEA IDENNVPHIDIEC/SESCALCLT/Isabelie RIBET

Operational modelling - Final meeting GLASTAB - October 29", 2003 5

E

e

\_100 pm Glass/

Coupling between rate and surface area

QAG = [[r(t,5)ds ds

t,S

QAG =S,y J-r(t) dt

CEA /DENVRHIDIEC/SESC/LCLT/isabelle RIEET

Operational modelling - Final meeting GLASTAB - October 29%, 2003 6
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Effective fracture ratio

Cg] ro _.~
S acc conf

——

Time

When the global rate decreases, the contributions to the QAG of
confined surfaces become significant.

QAG =5 S, Jr(f)dt + 40 S, [r,dt

Time

When the global rate is high, the contributions to the QAG of confined
surfaces are hidden by the contributions of accessibles surfaces.

CEA /DENNVRH/DIEC/SESC/LCLT/Isabells RIBET

Operational modelling - Final meeting GLASTAB - October 29%, 2003

-

{

Performance calculations (1)

CEA /DEMNVRA/DIEC/SESCILCLT/sabalic RIBET

Operational modelling - Final meeting GLASTAB - October 29", 2003

e 1E-03
e - | fast rate decrease whatever
——pH7.3
| the values of D, C*, o - oHY
1E-04 pA9 |
>
1E-05
e
% -~ -
1E-06
1E-07 e e oy
1E+00 1E+01 1E+02 1E+03 1E+04 1E+05 1E+06
Time (years)
8
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Performance calculations (2)

1E+00

1E-01 +

o —pH73
pH9

1E02 |

TFAG

1E-03 +

1E-04

1E05 Attty
1E+00 1E+01

1E+06|

1E+02 1E+03 1E+04

Time (years)

1E+05

CEA /DEN/VRH/GIEC/SESCALCLT /isabelte RIBET

Operational modelling - Final meeting GLASTAB - October 29, 2003 9

Effect of temperature

' 1E-02
| 50°C
1E-03 ; 90°Cl”
- e 25°C
> 1E-04 —
o 3
<
% 1E-05 \\
1E-06 l\
1E-07 SE— S B ‘31
1E+00 1E+01 1E+02 1E+03 1E+04 1E+05 1E+06 1E+07
Time (year)
CEA IDENNVRH/DIEC/SESC/LCLT/Isatilic RIBET Operational modelling - Final meeting GLASTAB - October 29", 2003 10
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AFAG

7

/’/

somtion

France

o (pH, T) well known
measure in

r(T) progress (pH, T)
Vt?

T,=5+1 full-scale exp.

1,=40 £ 34 full-scale exp.

Sorption capacity | to be improved

_ .
Time
CEA /DEN/VRHIDIEC/SESCILCLT/Isabelle RIBET Operational modelling - Final meeting GLASTAB - October 29,2003 11
Switzerland
'y
r,.=210%/1.510% | measure at 90°C
1=12.5 ?
Q
%
Time -
CEA IDENNRAIDIEC/SESCILCLTIsavehe RIEET Operalional modelling - Final meeling GLASTAB - October 29", 2003 12
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Belgium (PA 1999)
C@J rmin= 1.510% (gm2d) r e measured in situ at 16°C in
s rge =2.310°3 Boom clay; r, . and r,, based on in
P e = 31073 situ and laboratory tests
t Tmx=9 |Tge =10 |t =27 | Literature data
% . ( // . Fmax Tmax
< _ _ _ _ ///%
CEA IDENNVRH/DIEC/SESCILCLT/Isabelle RIBET Operational modelling - Final meeting GLASTAB - October 29", 2003 13

Japan
'y
T lr=110% measure at 60°C
5<1=10 ?
(]
%
Time .
CEA IDENNVRH/DIEC/SESCLCLTisabelle RIBET Operational modelling - Final meeting GLASTAB - October 29", 2003 14
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Germany

ry or rate of Si
0 value ?

A H
: transport in gel layer
| m’”(’o’ rla er) P g y
/ r value ?
/ =1
A./aj
3 / //////% 1,= ? (total surface) | value ?
Time i
CEA /DENNVRHIDIEC/SESCLCLT/Isabelie RIBET Operational modeiling - Final meeting GLASTAB - October 29™, 2003 15
Conclusions (1)
SR Kinetics
- initial rate: OK
- rate drop: uncertainties on dominant phenomena but no
consequences for long-term prediction of glass source
term
— residual rate: the present challenge
Effect of environment
- strongly dependant on the nature of environmental
materials
Coupling with surface
- scientific models necessary to improve the robustness of
operational models
CEA IDENARH/DIECISESCLCL T Isabelie RIEET Operational modelling - Final meeting GLASTAB - October 29", 2003 16
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Conclusions (2)
S— Is the glass a good confinement matrix ?
Under which conditions ?
Are we able to propose a value of minimal glass
performance ?
CEA IDENNRHDIEC/SESCACLT/Isabelie RIBET - Operational modeliing - Final meeting GLASTAB - October 29", 2003 17
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K) Belgium (PA 1999)

et r ¢ measured in situ
' P o= 15105 (gm2d) at 16°C in Boom clay:
ree =2.3103 Fmex @Nd ri, based on
I mex = 31073 in situ and laboratory
A tests
— T max = 5
'Tc,:f =:219 Literature data
2
<
Time
> Belgium
Ke suggestion for PA update

STUDIECENTRUM VOOR KERNENERIIE
CENTRE DETIDE DE LENERTAE MCLLMKE,

* keep constant rate model with other values for r ., ge min
eg. rge =0.05-1102gm2d! (test 30°C in solid Boom Clay)
= 2 X rge (uncertainty on rgg)

= 10-4- 105 gm-2d! (tests with glass frit, TAV in
' Boom Clay, ...)

-use operational code (SCKeCEN code or other) with ‘worst case’,
‘best estimate’ and 'best case’' parameter values

rde

r‘rﬂin

*No new information concerning the effective glass surface area
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Communication

Summary document for the public: new proposal
- list and comments on documents available on websites
- interest, targeted audience, ...

Euradwaste’04

-~ Paper due for December, 15th

- Content: conclusions of the 3 meetings (GLASTAB,
CORALUS, GLAMOR)

Preparation of an information brochure on the

Euratom Research programme on the Geological

Disposal of Radioactive Waste

- 2 pages on GLASTAB results

~ due for December, 1st

CEA /DEMARH/DIEC/SESCALCLT /isabelie RIBET GLASTAR - October, 30th, 2003 1

€S9

Planning

Cost statements
-- deadline: end of December
-- eligible costs: until end of October (official end of the
contract)
Technological Implementation Plan
- e-TIP: completed as mid-term TIP
- deadline: end of January

Final report

- draft from partners: December, 15th

- compiled draft report submitted to partners: January, 25th
- proof-reading by partners: end of February

— Final version: end of March

CEA /DENNRH!DIEC/SESCILCLTIsabelic RIBET GLASTAE - Oclober, 30th, 2003 2
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Final report

SR The final technical report should consolidate and
summarise the work carried out and the results
obtained by all the partners

— up to 50 pages, including figures

Plan

— Executive publishable summary

—~ Scientific and technical description of the results
» 5 technical parts as discussed among GLASTAB partners
» no more than 10 pages for each chapter, including figures

- Assessment of Results and Conclusions

- Management final report

CEA IDEN/VRH/DIEC/SESC/LCLT/isabelie RIBET GLASTAB - October, 30th, 2003

General conclusions - Qutiook

PR Gel observation and characterisation
Modelling of alteration kinetics and gel formation
Radionuclide retention
Glass alteration in near-field conditions

Performance calculations

CEA IDENNVRH/DIEC/SESC/LCLTisabelie RIBET GLASTAR - Oclober, 30th, 2003
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Final report

2 Modelling of alteration kinetics and gel formation

Literature review WP2-2, WP5-1

Kinetics modelling WP3-1, WP3-2

Solid-solution modelling WP2-1, WP2-3-4

KIRMAT WP2-4, WP2-5 (+ chapter 3)
Monte-Carlo modelling WP2-9, (WP5-7 ? or chapter 4

B. Grambow, J.L. Crovisier, P. Jollivet + I Ribet + Y. Minet, M. Aerstens

Literature review 2 pages

Monte Carlo modeling of initial reaction/saturation and gel formation: 3 pages
Thermodynamic modelling of gel formation: 3 pages

Modeling of porosity evolution and of mass transfert in gel

Overall modeling of kinetic reaction scheme

Literature review

n° T ask Responsible

33 |WP2-2 Bibliographic survey of solid-solution model applied|CGS
to volcanic glasses (natural analogues)

116 [WP5-1 Bibliographic survey of prior simulation approaches and review of CEA;
unknowns, contradictions and uncertainties SUBATECH

 Biblio is ready, very detailed model description, needs to
be shortened significantly for final report:

* Proposition: maximal 3 pages for all
* Refer to GLAMOR for more detailed review
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Monte Carlo modeling of initial
reaction/saturation and gel formation

68 |WP2-9 Qualitative assessment of sealing and passivating properties of the
gel by Monte-Carlo modelling .

69 WP2-9-1 Calculation of the pore structure SCK

70 WP2-9-2 Comparison CEA - SCK SCK; CEA

125 |WP5-7 Monte-Carlo modelling to improve the understanding of glass-backfill SCK
environment interactions

Model for Model for
structure( CEA ) structure(SCK)

S

@ 9 @ o network former

+ cristobalite network diamond lattice (Si)

+ Oatoms are implicit ° gtwork modifier
a)

» charge compensers (Na) : BB, nbo O water
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Model for reactivity

Atoms Dissolution Recondensation
B,Na 1 0
Si Wi, W2, W3 W * esi
e
@ &
L] ®_ @ 3 ® 3

* (Si0,),4(B,0;3),5(Na,
0)is
51;4 L cone-.nn--nan T l ' ' |
. (molar fraction) ]
Boron
Silicon
Time
0 10° ) L L e L
[ 410* s10*  1210° 1610° 210°  2410°

re

RN

MC parameters adjustment

« MC parameters are fitted on experimental data :

kinetic of leaching : initial rate of leaching
amount of solubilized species : cg;, ETg
8

T T T

Leached glasses .k
(Si0,),.0,(B,0,),(Na,0),, ) I S S S
x from 11 to 24 (mol. %) E°F .
Experimental conditions £°F
*pH=8.5 § s (Si0,)54(B,05)4{Na,0),, IEE gi
§ 3 g SV=1.7 cm™! ——EENa
+ T=90°C g,
+ calibrated powders . ——s—a v .

* S/V from 1.7 cm™ up to 30 cm™!

60
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Qualitative agreement with morphological
data : NMR

=si

before leaching

after leaching

.............. "

-90 <100 -110 120 -130 -140
ppm from TMS

(8i0,)55(B,05).(Na,0),,

17 cm‘1
Altered glass
NMR MC
Q' - 2
Q? n.d. 6
Qd ~30 32
Q? ~70 60

Static tests: silica solubility

vs sodium fraction

200 T T T T T
C,: (8i mg/)) ° L 2PN
150 o © ® 7
100 - -
CEA
50 m
pB
0 I I} | I |
0 0.1 0.2 0.3

CEA: silica solubility approximately independent
of sodium fraction

SCK: similar result
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Evolution towards Si saturation

3E-3

&
E 2E3 T
g
=
5
o
S
Z 1E3 17
OE+0 + +
1E+3 1E+4 1IE+5  Time(s) 1E+6

Depending on sodium fraction, Si diffusion and surface to
volume ratio, SCK observes supersaturation
CEA?

Conclusions and perspectives

* Monte Carlo models are able to reproduce quantitatively the
experimentally observed short term leaching phenomenology for simple
glasses:

— [Initial congruent leaching
— Formation of gel and gel cross-link density
— Saturation of Si

— Reduction of release rates of B, Na well after saturation of Si, but related to
saturation of Si

+ Efforts have to be made on
- altered layer morphology prediction
— More complex glasses
— Long term evolution
— Distinguish between Si and H20 diffusion control
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‘Thermodynamic modelling of gel formation

32

WP2-1 Evaluation of the geochemical models (KINDIS and|CEA; CGS
KIRMAT codes) to simulate the gel layers by
coprecipitation, based on ideal solid solutions, during
aqueous alteration of nuclear glasses

33

WP2-2 Bibliographic survey of solid-solution model applied|CGS
to volcanic glasses (natural analogues)

34

WP2-3 Comparison of geochemical model findings with alteration gels
characterised by TEM and SIMS, obtained during alteration experiments

with 2 simplified glasses
38 WP2-3-4 Modelling |CGS
[\\L];L Available online at www.sciencedirect.com —_—
. ;‘ CINNG IR © mma' n'
% 5.'; sci l@n mCcT |||| m
ELSEVIER Journal of Nuclear Materials xxx {2003) xxx—xxx 'Mtena’s

www.elsevier.com/locate/jnucmat

Modelling the alteration gel composition of simplified
borosilicate glasses by precipitation of an ideal solid
solution in equilibrium with the leachant

1. Munier **, J.-L. Crovisier *, B. Grambow °, B. Fritz ?, A. Clément ?

* Ecole et Observatoire des Sciences de lu Terre, Centre de Géochimie de lu Surfuce, ULP, CNRS, Strasbourg, Framce
b Ecole des Mines, SUBATECH, Nuntes, France

Received | August 2002; accepted 26 August 2003
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Table 3
Dissolution equations and (ree pies of dissolution {k)/mol) at 36 K
Dissolution eguations log K avx
5i0ya +2H,0 <= H, += SiO, -225
SiOpnaicedany + 2H,0 4=+ H,SiO, -2.96 .
Si0sume +2H,0 = H,SiO, -3.19
H,S?b. += Hi\SiO] +H* -8.95 MOdellng results
N»;O+2H' = INa* +H,0 56.39 ..
AR YRy 256 for gel composition
B;0) + JH:0 4= IB(OH) 5.08 R
ALO, + 5H,0 4= 2AHOHY; + 2H* ~24.5¢
Z60: +2H0 <= Z({OH)ug -11.6*
NaOH <= Na* +OH~ 6.87
Ca(OH) + 2H* <=+ Ca¥ +2H,0 18.63
AHOH), + H,0 = AHOH); +H* -12.5)
Z{OH)y, += Ze(OH)uy -39
Na,SiO, + 2H* + H,0 &= INa* + H,Si0, 1775
CaSi0, + 2H* + H,0 «= Ca® +H,Si0, 8.83
Z1Si0, +4H,0 <= Zr{OH)q + H,Si0, -11.76*
*AC29B K. Glass 1 -1 em” Glass 1-80 em”

Omdes  Mydmades Merasicsws _ Solmoy Oxdes  Hyhoades Memsirares _Sokewo
ooy  —der | Mypmades  Memsheses Sokeso 0802 e

ooum m m m 1 ] aceun Il il o nal
FRL P PIL PEEPL ISP IL P $PP TS PP EFIPL P FEPL P
© ™ ) ™
Fig. 14. Molar itions of the simulated alteration gels ding to the end-members and molar ion of the gels deducad)

Irom tbe solution analyses {moi) versus Lhe alieration time (from left 1o right: 30. 60, 90, 120, 150 and 180 days. except for glass 2 at |
cm~': 30, 60. 90 and 130 days).

Modeling of porosity evolution and of mass
transfert in gel

39 [WP2-4 Modelling by reactive dispersion/advection with KIRMAT on
micro/nanometer scale of the glass hydration, the formation of a gel and
the variation of its porosity, the dissolution of the glass matrix, the ion
exchange and the reactive Si transport

40 WP2-4-1 Building of the model SUBATECH;
CGS
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The stochastic model RW3D

C. Fleurant/B. Grambow

» ‘particle tracking" + ““random walk"
mechanism.

+ Glass = porous medium.

* Glass constituents and the water
molecules represented by individual
particles with different diffusivities.

+ Position of a particle in space
(coordinates X,Y,Z) and time t+At :

« X(t+At) =X(t) + UAt + Z, (6D At)">
« Y(t+At) =Y(t) + Z,(6D, A1)
Z(t+At) = Z(t) + Z,(6D_ At)}?2

Experimental Na release profile in R7T7 type glass
at high S/V: comparison to stochastic model

1 A
o

/‘N

01 7

C/CO
.

Nathalie VALLE (Ce44) .

0.01 :
o] 4 8

X [micro m]

Application of the model to experimental data of N. Valle 2000.
The concentration profile of Na is calculated for 3 month.
The fit of the experimental data was done with an apparent diffusion coefficient of 3.85*10°*° m?/s.
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Stochastic prediction of parameter variation

0.04
0.035
0.03
0.025
0.02
0.015
0.01

porosite

CiCo

0.1
0.09
0.08
0.07

0.06
0.05

0.04

0.03
002 i /

0.005
i 0.01

0
0
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 SO 60 70 S0 90 100
t[h) t[h]

Introduction to KIRMAT (CGS)

| Rock porous systeﬁ ,

Output
flow

Input
flow

Nodes

The thermo-kinetic hydro chemical code Kirmat has been developed from
the reaction path model Kindis by keeping all its geochemical
formulation and its numerical method to solve chemical equations.
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Calculations

node}l{ node}l\node M+1
n-l n+l
transp.(IN) <4 P ¢/l'an.rp.(0UT)

Input * * > Output
AXNH AXM AxMﬂ

®: geochemical flow per unit of total rock volume (mole L3 T-).

Each node can have different mineral volume fractions, mineral reaction rates,
water compositions and porosities

Evolution of these parameters with reaction progress and transport

.

Modifications for GLASTAB

Initial Kirmat designed to simulate a porous medium saturated
with an initial solution. The code was modified
— The user specifies the n first nodes of the system that are to be considered
as saturated with an initial given solution. The other N-n nodes are inactive.
— During the simulation at the beginning of a new At step, a new node i is

considered as saturaled it U Af)+ L(init) = L(i)

«  Where L{i) represents the length of the system until (and including) node i, L(init)
is the initial length of the saturated zone and U is the Darcy's rate.
— Then the new active node is initialized:

o Aqueous species concentrations are computed and Saturation indexes of
minerals and kinetic rates are calculated

o After node i, a null dispersive flow boundary condition is fixed (Neumann’s
condition) i.e. as if node i was the end of the system
— The new node is included in the common set of active nodes and the
process resumes.

10
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Application to glass dissolution

0.01m

2x10°m

A\ 4

A

> &
L}

First saturated
node

Zone 1 (1 node)

Zone 2 (200 nodes)

— _

~—

Interface zone

Precipitation of
Gel solid solution

—~—

Glass

Selective dissolution of
Glass solid solution:
Log K of end members are decisive

119 |[WP5-4 Geochemical modelling (KIRMAT) of the interrelation of (i) formation of [SUBATECH;

crystalline and amorphous solid reaction products, (ii) variation of surface layer

CGS

porosity, (iii) variation of pore fluid composition, (iv) kinetics and (v) fluid

advection/dispersion
Parameter SC]CCthI’l Physical and chemical parameters:
Transport coefficients: Parameter Zone 1 | Zone 2
Temperature (°C) | 90 90
Parameter Zone 1 | Zone 2 pH 5.9 5.9
Porosity 09 0.01 pCO; 3.02x10™ | 1.8x10"
Permeability (mz) 10° 107 Total concentrations (rmoles/k H%<1)1)
Coef. of diffusion (mJyear) | 0.0315 [ 107 Al 107 107
Dispersivity (m) 001|107 e 100110
n a 10 10
Factor of cementation 2 2 Zr 107 07
Darcy’s rate (m/year) 3x10° [ 3x10% B 10T 10T
Si 10 10710
Mineralogical composition: C 107 5x107
C 107 10
Mineral - Zone 2
Molar Molar Surface Kinetic constant
fraction volume reaction (m?) | (neutral ko)
SiO; .51 22.69 7.93x10° 0.01
B,03 .2 27.26 3.75x10° 1.
Al,O3 .05 25.58 8.39x107 0.01
Na,SiO3 | .16 128.49 1.39x107° 1.
CaSiO; [ .07 39.94 1.96x10°° 0.01
2rSi0, | .01 176.11 1.61x10° 0.01

11
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Preliminary results

 Calculations up to 1 yr,

« Complete dissolution of Na and B from nodes close to bulk
water, Si little mobile, Zr, Al almost immobile.

» Porewater pH 9.4, solution pH 9.0

e Problems:

« overall feed-back of porosity change, mineral surface
area change, permeability change,

 mass balance at interface of very small and very large
cells

Overall modeling of kinetic reaction scheme

71

WP3 Integrating the physico-chemical properties of the gel and glass
in the alteration kinetics

72

WP3-1 Balance of intrinsic glass kinetic parameters: kinetic{SUBATECH;
constants, catalytic effects and inhibiting effects, diffusion{CEA
coefficients in the gel, water interdiffusion coefficient in the
pristine glass

73

WP3-2 Measurement of free enthalpy of formation of SON68 glass by

viscometry and calorimetry; quantification of the role of chemical affinity
on the dissolution kinetics described by a first-order law

74

WP3-2-1 Thermochemical measurements CEA

75

WP3-2-2 Test of the solubility equilibrium between the|CEA
glass and the solution .

12
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Phenomenological description of models

 Empirical description of the decrease of reaction rates with
time
 Quantification by combination of
— Forward rate k,
— Silica retention in gel f;or a
— Silica diffusion in gel Dg;
Si-saturation/First order rate law log K,
— Long-termrate ry,

» Consens
— Concept provides a good base for operational models

» Model uncertainty -> see GLAMOR

— Significance of saturation constant in first order law
— Parametrisation of long-term Si-diffusion in the transition to final rate

* Progress in GLASTAB

— Evidence for and quantification of water diffusion D,

Steps in gel formation/surface alteration

1. Glass dissol. with k*, retention of metal oxyhydrates and small fraction
of Si
Covered i . Lo . X
by 2. Increased Si retention, decrease of rate by Si-diffusion and by affinity
1* order reduction
dissolution

Stabilisation of gel close to saturation, rate of Si transport close to zero

Continuing water diffusion/ion exchange becomes rate determining
forming a hydrated glass

5. Transformation of hydrated glass to gel, if solubility of water in glass is
exceeded
Terms: « gel » = amporphous product, phase separated into
network+water
« hydrated glass » = amorphous glass-like phase with water in solid
solution

Question: is step 5 governing long term rate???

13
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(" CqandCy
e . analysis‘_, .

experimental
measurement of
alteration rate

Description of the 7(z) mo

~

del (CEA)

DE

i

N

. >
2O = 1 (1-crck)

1st order kinetics law

at glass-gel interface

D_ diffusive transport
of Siin gel

f5:(C) = 1-exp(-aC)

silicium partitioning between gel and solution

Parameter selection
Forward rate constant k, or r,

1000

100

0,14

Forward rate k, [g/m2d]

0,01 1

& JSS-project pure water
m Delage 92, pure water

log k,=log A,~Fot

Ea,=69.2 kJ/mol
Log A, =9.8+0.3

0,001
0,0018

0,0021

0,0023 0,0025 0,0027 0,0029 0,0031 0,0033
1T [1/K]

14
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Si-saturation

1E+5 7 -

pure water

1E+4

1E+3 4

1E+2

1E+1 { rate

Normalised concentration [g/m3)]

1E+0 4

R7T7 at 80°C

Si-Saturation

-y

Long term
rate
0.0005 g/m2d

+ 0.01

+ 0.001

motality H4SiO4

+ 0.0001

| Si, all others

©ABS
Tovena,B
Delage, B Fillet, B
Lemmens, B Advocat,B

©B, Gin, GLAMOR A1 4 H4SiO4

© Si Gin GLAMOR A1
1188 . & radioaktiv: JSS-A, B
O Delage, Soxhlet, B

1E-1 T
1E-1 1E+1

1E+3

T T + 0.000001
1E+5 1E+7 1E+9

Normalised time axe SV*t [d/m]

C* versus leaching

da=r(t)= ro(l

_Clx= a(t),t))

.. *
conditions C
"extreme" alteration conditions
1000 (pH > 10.5, T > 150°C, S/V = 500 cm!)
*
* < ‘
*
_ A
£ °© « pH - 90°C
o @ X flow rate - 90°C
© X 0 50°C
10 490°C
+ These results confirm that C* + temperature
is not an intrisic glass parameter. ||  “°mPoSton
< min-max
] T T T :
] 10 100 1000 10000

SV (em™)

15
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Saturation as a function of T et pH

o AH oi 2. glass
IOg KSiO;,gln.\-s (T)=10g KSIO:,g/ass + 2 ;833/{ (]}n Il‘ )

o AHO: ass
log KNC(S,_J,,,)(T)=10g K e sisan® 2;(())322113 (]}" }) Kk

Comparison of calculated and measured

Saturation constants in pure water saturation concentrations of silica

;: N‘\WM}“HW [y— 10000
=] GP WAK1 (~R7T7 type) glass
314 . (100 d at SIV=1000 m-1) .
29 s =
£~ ol s N 2 1000
2 271 4 T N = N
& 251 §‘ el &
X 231 2 T g 80°C
g 2] : g £ 100 o
194| awgkncs) ! s0°C
1.7 & log K NC{Glass). pure waler
15 . . 10 " ' '
0.0018 0.0023 0.0028 0.0033 0 2 4 6 8 10 12
el PH(T)
1 : 8,C(x,t)=D,32C(x,t)
D, ou Dg; versus leaching (s 0 Clx,
conditions
) GM2001 : no S/V dependency
< o pH-90°C
_0‘; LED -- __________ & flow rate - 90°C
= % _|os0°C
& LE15 R(t): 3 orders of magnitudgggec
< E- I
g . _’_ I A __\‘ + temperature
L‘S 'E + ' ole X composition
wi X P
5k a2 LE-17 % ~ min - max
o . ¢
o) X
2 R
.e 1.E-19 :
N
= A
1.E-21 T T T
1 10 100 1000 10000
SV (cm™)
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Long term rate
1 T T b
'g o1 -]
= 0. - o
o 001f o ]
B .8
E o001~ o N
e LT o
%L’l'w_4 .. 7]
3
1410 ° I I l
50 100 150 200
Temperatur [°C]
Ea Ea;, =61 kJ/mol
— _ in Ly
log r,, =log A4, _LRT Log A;,=8.75+0.35

Alkali/H20 diffusion coefficient
as function of pH

1.E-18 -
5 1.E-19 ¥
Comparison of diffusion| E

a 1.E20 >
1E-10 50°C ‘ .
1E-12 -
1E-14 4
1E-16 4

BR7T7/WAK, pure water
@R7T7, Soin. 1, Li

B8 |grrmr soin 2.t | This work

OR7T7, Soin 3, Li

1E-204 [C H20 in Obsidian, Lapham

A Na in Obsidian, White

©OH20 in Obsidian, Federman

1E-22 #H20 in Kieselglas, Lanford

£ H20 in Borosilicatgias, Tomozawa
Interdiffusion Na/H30 in Glas. Doremus

1E-24 r T T r J
0 0.0005 0.001 0.0015 0.002 0.0025 0.003 0.003% 0.004

1T *K

Diz0 [M?s]
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GLAMOR :
Contribution of SUBATECH

Contribution to data base : OK
Model comparison/selection: OK
Use of models

GLAMOR WP3: Model selection

» Decision last meeting: only few representative models

» Choice sufficient large to assess model uncertainty
— Uncertainty to affinity law
— Uncertainty to affinity non-related protective layer effect
— Evaluation: Presentation of conceptual model- critics-defense
— What about « constant long term rate »

* Until now: 1(t) (CEA) and GM2001 (SUBATECH)
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Comparison

Pristineglass . Gel . . W

Additional
water+alkali
transport

Composition
change: Na, B

a() 0 743

KGIu-

KSlOZ

Static leaching, low S/V: A17

Lixiver 1.9 GM2001, Configuration Lixiver

40
40.00 % -
35.00 — »
c 30.00 = e LI al
&, Z$ 1?7 ‘ * Bep ’ :“: 2450
::; 15‘00 s/ L Lixiver, B r'. 20/®
o > . | |——Lixwr,Si o b/
10.00 < i . b s
ot 3 N e
0 100 200 300 400 | 7
time d . —1 °
%o 66.67 13333 200 266,67 33333 400
PARAMETRES FIXES : o %‘“ﬂ i,::f . ﬁ en i 0
Temperature(C) : 9.00E+01
colog Pression CO2 : 3.50E+00
N VO: 0.00E+00
K VO(g/m2/j) : 7.00E-01
Vr: 1.00E-05
ordre : 1.00E+00
Taux de renouvellement (  0.00E+00
SAV: 5.00E-01
Equation de piegeage exponentielie
a: 1.00E+00
b(m3/g) : 4.00E-02
Coefficient de diffusion (m  5.00E-15
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A17: Comparison

Small, but clear deviation in B conc.! Is the difference caused by different SiO2 solubility?

40.00 T~ d 800 N

35.00 : %0 o

30.00 a b 3400 % croor = No!
£ 200 S i |eLixver,B 3200 4
S 0 rd || s Lixver, Si £ 00 A
£ 500 /4 . |- owe00r.B § 2w 5&“
s > P | |- GMe001, Si S A

10.00 1 ' 2

5.00 : 200

0.00 T T S 200

20.00
0.00 100.00 200.00 300.00 400.00 T o o e
time d pH

Is the difference caused by geochemical representation

iation in pH! .
Clear deviation in p of reaction progress? Yes!

"2 Lixiver, composition complet
2.00 60 » GM2001 only Si, Na, B, Li, Cs
880 . L3 : & 88 ¢ PHREEQC, composition complet
0 Pole - . 8.40 ab @ PHREEQC, only Si, Na, B, U, Cs
8 Y 'y = Y 28 &
840 1504 820 820 A
8204 — 5 800 5o Y
E &0 g 7.80 € 780 4 /
780 sexp 3 i s n pha=0
760 aLixiver 7.60 4 7.60 s
7.40  GM2001 7.40 ] 740
720 7220 7.20 —F——————
7.00 T T 7.00 700 £
0 100 200 300 400 0.00E+00 5.00E+00 1.00E+01 1.50E+01 2.00E+01 0.00E+00 2.00E+00 4.00E+00 6.00E+00 BOOE+00
time d Reaction progress in Conc. B (ppm) Reaction progress in Canc. B (ppm)
A 1 ; t . t .
With water diffusion, “PH variable
Summary of principal variables
niial pH, force tonique pHo = & lo=1-107"
40, Surlace to volume rato sv= s’ . . -
w - I With water diffusion
> N P e . ‘
o Witia] Si +8 concentration  meca= fmoldky’  Cpy = molekg” ,
=22
D, Coefficient Waler in giass. O * 5107w’ \
Difl. Coafficient Siin gel DT, Ap_krr e} = 5219 167 Vo e :
fraction of Si sorbed in gel fpe=1 d=0 fx= 08 E \
B kdg = lokgni® \ *
. ° 6
° ratonton tecior Li b= lokgmn”
oo 12 oo
cob ol porosiy of ge! #an2
shsd . s 10 e !
o forward cate KT Awrm) < 7105 - 107 gl f RS
hd et | @ | S saursbon conziont m mgL KopH( T low_Kerpy, pHo. lo) kg siote ' = 17754 wem 1t
0 o K si02(m) ,‘{[ ‘ _‘LD - : : :
0 7 13333 200 266.67 33333 4olf® KT log_kprry) L
T 13 20 0087333 . (rotarm) Without water diffusion
O mtwmcen, | seKsews o s 591 \
Jour * jour ' jour o T .
pH const L e
L5 ° i
ghis SR MY SR 2 s oo
. s !
s o =
ey, -
ey "
w i o
- /
- * eee . e N e aw o
: a o -
A e Y k @
“ ae? 133 AG Tael 3N X0 ° 6667 1333) 20 26667 3331 M0
s 0w e o n
™ =I5 ey ey
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Static leaching, high S/V: A2

pH variable

Summary of principal variables

Solution concentration of Initial pH, force ioniqus

Si, Li and B in mg/L pH(at temperature) Surface 1o volume ratio

Flow rate

100 0

" Solution volume
90 96
] Initial St +8 concentration
0 e 9.2 ‘boo
o] P e vt 28 DIfl. Cosfficient Waler in glass

2 3
DHf, Coefficient Si in gel

60| 84

L can fraction of Si sorbed in gel
50 ]
Ry Dex retention faclor B

ol 76
retention factor Li

30 22

|1 . porosity of gel
E — 8
L F . forward raie
10| .4
é Si Sawration constant in mgi.
P07 11667 23333 350 46667 58333 700 60 200 40 600 8O0 1000 1200
Zite Zetn Zeita e, Zls e,
jour * jour " jour jour

pHo= 6 o=ix10""
sV=sx10'm'
F = Okgjour '
View = 0035lire logpCO2= -3.5

mecp= Omolekg”! Cpo = Omalekg™

D= 5x 107 P sec”

DS{T,Ap_R7r7_isyer) = 5:219% 10” *msec”
fic=1 N=0 =21

kdp = 70kgm”>

kdy = 10kgm”

4 =02

KE{T, Arrry) = 7.008 x 107 *kgmjour "

Ks(T, log_Kayr7) -28000-kg-mole ' = 34.587

KspH(T,log_Kg777,pHo,Io) 28000 kg-mole ' = 34.626

|o{(xs('r,hgv|q\m}fh]) - 2908

Static leaching, high S/V: A3

constant pH

Solution concentration of

Summary of principal variables

Si, Li and B in mg/L Surface to volume ratio SV =5x10°m!
2 Flow rate F = Okgjour '
180 Solution volume Vieer = 0.08litre
L
160 5 Initial Si concentration mecs = Omolekg”
-2 2 .
o Dif. Coefficient Water inglass D = 3x 10 2m’sec”
120 1 Diff. Coefficient Si in gel DS{T, Ap_R7T7_tayer) = 5.219% 10" Pm¥sec”
100
708" v fraction of Si sorbed in gel =1 0=0 fo=1.5
i, g
ol a ] retention factor B kdg = 30kgm
i\ s
ese ., A:n VO DS Sk retention factor Li kdyi = 10kgm™
nLs - porosty of gel 6 =02
00 0 20 30 a0 0 60 forward rate KE(T, Apyr) = 7.005 % 10~ *kgni®jour” !
Zity Zeity Zen ' y ) -
E’IﬁTwﬂ Si Saturation constant in mg/L (T, log_Kyrr) 28000-kgmolé ' = 75.667
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Static leaching at 5000 m-! : effect of pH
A4 pHS A5 pHO.5 A6 pH 10
180 20 d l;ﬂ
>, o,
o cLi, i
s S | odo |
100 ] ;. 0
000 g st 006 4 —
L Brres
e R - e o
% 160 200 300 400 500 600 "6 Tioe 20 360 w00 30 ot ey
A7pH10.5 A8 pHI1 A9 pH11.2
b . = 0|
d
By :w ol a o Ciiy :... 8
a o oLy - =Ty °
! S s 12
= e, sy
- L = 450| —_ 1
e e , "
rris - ks s e
Lo Leralil Jmee pe
30 180) I o .
b i o N T O I W i SO
% 100 00 %0 00 200 360 400 500 s00 ° 0 100 150 200 250 300
Zaity Zeity Zoity Zely Zeiy Zeiy
iour_ ey four jour o " iour

Static leaching, very high S/V: Al

pH variabel

. . Summary of principal variables
Solution concentration of

-
S s ol pH. force lon pHo=6  lo=1x10
Si, Li and B in mg/L kel g ave .
pH(at temperature) Surfacs o volume retio sv=2.10'm
3 10 Fiow rala F Obgjow '
/1 Solution volume Vieer = 0035 ltre logoCO2 = -3.5
207 s 96 j ]
8 / koo g0 P ol° ¢° ° Inital Si +B concaniration moca= Omokekg”  Cpy = Omokkg™
1840 N
¢ WA 92 Difl. Coeflicient Water in gless D = 3« 10" Pr’ses”
w2
—= 1619 88 o, sont Siin get DS{T,Ap_Rrr7_aye) = 5.219.% 10" ¥maec”!
.t
1380) 84 fraction of Si sorbed in gel fexl N0 &2l
¢ .
- 1150 / il retantion factor 8 kg = 100kgm”
8 o
ey L phcs, rototion fector Li iy = 100Kgm”
bex, *%0 000 44
o ’ porosity of gel e=02
swen, O 7 7.2 forward rale KT, Arr) = 7,005 « 10” *kger 2jour "
ooo | "
““F ="To 68 i Saturation constantin mgiL  Ka(T,log Karys)-28000 kg-mok™ ' = 30124
i &
e 64 KegH(T, log_K77.pHo,1o) 28000 kg-mot ' = 30 158
0
0 200 400 600 800 1000 1200 6
0 200 400 600 800 1000 12 3 . -
Zeit, Zew, Zet, h.((k-('r.h‘_klm)»:":;)] = -2968
— keI, Zew,
Jour " jour " jour =0 e,
jour
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Static very long term test

PSI data

Solution concentration of
Si, Liand B in mg/L

150
135
120
B o 5
CLi, o
& :
i s oo )
- 2 24
X
o.o'o 6002210
siex;
o
liex; 45
ooo
30
155 roE -~ BRI ola

666.67 1333.33 2000 2666.673333.33 4000
Zeily, Zeity Zeit,
T T T e
jour * jour  jour

. pH 9 PHREEQC
Flow test under Si saturated 259C 50°C  90°C
243 . o H 7 6.8 89
conditions : E3/ 50°C P
logpCO, -3.5 -3.24 -267
Na 2392 ppm
Si 120 ppm
B 380 ppm
0.02 . )
0.02 Summary of principal variables
0.018 Initial pH,ionic stregth pHo =7 To =001
SV = 25.714m"
0.016 Surface to volume ratio
?E Flow rate F = 0.014kgjour '
0.014 Solution volume Vieer = 0.035litre
Cn,2 0.012 Initial Si +B concentralion mecp= 44107 molekg”  Cag = 0.01molekg”
Cu,3 DUIL Diff, Coefficient Water inglass D = 2% 10 sec”
ey, ! \‘-’ O, Coefficient Siifigel  DS{T,AD_Rrro_ye) = 2822 107 MnPsec
1]
ooo 0.008 S fraction of Si sorbed in gel fpc=1 f1=0 B=06 a=0049
moeX; N relention factor B kdg = 100kgni
° 0.006 3
: o l_‘m:‘ relention factor Li kdy; = 10kgm
34 o3
0.004 9. o porosity of gel $=02
° forward rate KA(T. Agrry) = 8.932x 107 kg jour !
0.002 & ' i i Io)-28000-kg-molé " = 12.166
° de Si Saturalion constant in mg/L KspH(T,hg.Kmn.pHo, )». kpemole = 12,
0 0 Ko ~a
0 10 20 30 40 50 60 h{(‘“(T-l“ﬁ_KK‘IT‘I)‘::%e)) 3364
0 Ca7 St 60
jour  jour © -t log Karry = -3.68
T=32315K
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tiex, \
ooo Sk
0.008;
oy RNy
uuuu% Peg e
ol _o
0.004 o
1
0.002
gl °
P00 200 30 40 s e
MELINE
ey Ny,
Jour ” jour

Solution volume

Initial Si +8 concentration

Ditf. Coefficient Si in gel
fraction of Si sorbed in gel
retention factor B
retention factor Li
porosity of gel

forward rate

Diff. Coefficient Water in glass

Si Saluration constant in mg/L

4.0E-1 e /) Csat=250 ppm
N PARAMETRES FIXES :
3.5E-1 CSi=0ppm
3.0E-1 1 Csi=20ppm Temperature(C) : 5.00E+01
EasB1y . @\ e Csi=40ppm colog Pression CO2 : 3.50E+00
2 20E-1 1 Csi=60ppm NVO: 0.00E+00
S 1.5E-1 Csi=80ppm K VO(g/m2/j) : 8.90E-02
1.0E-1 Csi=100ppm vr: 1.00E-05
5.0E-2 4 Csi=120ppm ordre : 1.00E+00
06E+0 - = = ‘Csat=795ppm Taux de renouvellement (  4.00E-01
’ ' SAV: 2.50E-01
0.00 20.00 40.00 60.00 Equation de piegeage exponentielle
time d a: 1.00E+00
b(m3/g) : 3.00E-02
Coefficient de diffusion (m  1.00E-14
E3 Lixiver 1.9
2.50E-01
2.00E-01 *
Cra 1-508-01 - Csat (ppm) = 200
1.00E-01 Csi initial = 120 ppm
ppm )
5.00E-02 2 +
AEX R
0.00E+00 ’ —e
0.00 20.00 40.00 60.00
Time d
pHY PHREEQC
. . 25°C 50°C 90°C
Flow tests in Si1 saturated soln. pH 97 938 89
ogpCO, -3. -3.08 -2.
Slow flow rate 14 mL/day Na 2392 ppm
Si 120 ppm
B 380 ppm
- . Summary of principal variables
El16/ S/V 26 m-l, pH 8.9 Initial pH,ionic siregth pHo=89 =01
2 Surface to volume ratio SV = 25.704mi"
0018 \ Flow rate F = 0.014kgjour '
\ Viger = 0.035litre logpCO2 = ~2.67

mocp = 4.4% 107 *molekg?  Cpo = 0.01 molekg™
D =2x10""nfsc’

= 5.211x 10 PmPsec™

DS‘T.AD}TI‘IJ-N)
fe=1 01=0

kdp = 60kgm®

k=099 a=0014

kdy; = 10kgm®

4=02
Ki(T.Arry) = 2.084x 10 kgm *jour !

KspH(T, log_Kz7r7, pHa, ko) -28000-kg molé” ' = 70.265

lo{(l(s(T.lng_Kgny}ﬁ)) =-1103

log_Kryr7 = -3.88

T = 368 15K
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E9/ pH7 12000 m'!

5
s
.
°.L\
3s
CBy 3 - SonY
= o9 5
Cla a5
pealy L X
ooo  ° 2 4 ~]
> o
8 59
] £ o
ns
o

0 1667 BN 6667 8333 100

E12/ pH8.1 12000 mr!

E15/ pH8.9 12000 m’!

s
4
4
3s
CBy 3
Cly 2
ppnli, \
ooo  “Cff
15fO
' Y
L e e
03 g S o
G e P

Y0 661 M1 s eeer B 1

E11/pHS8.1 4700 m™!

Other slow flow tests under Si-saturated conditions

E13/pHS.1 26 m

5 nl
45 a
3
35 0\ 25 oo
B s \ L) % 06
S ufm i \\ o=
1o} — 1% . R0, L] 0
1 9% ]. et 9 —t! ] o
o1 (- NS i St e ' 3 -y
1667 3333 6667 ¥3.33 o0 o 1667 331 6667 $33)  1on 0 Il; 0 0 60
Zay 2o Zad, Zesly P
i Irrtrrie P i
Flow test as a function of Si conc. at pH 8
fast flow 144 ml/day
A10: 0 ppm Si Al1: 60 ppm Si .
pp pp A12: 120 ppm Si
Solution concentration of
Si, Li and B in mg/L Solution concentration of A _
Si, Liand B in mg/L Solution concentration of
5] Si, Li and B in mg/L
108 ) 03
1.8/
26 o 6 027 f\
R o b 02 l\
n,
e_J_ ” " ce 021 \
2 * Lo 5 o\
ey =L - . o1 \ °
= ] b aff 2 o
o, 36 f 0006
ooo 24 06 Do °
1— P2e_| 04 0.09) ]
| — . % i
Yo s D 003
Cn.17 En.17 Cn.y: 0 5 10 15 ) 3 30
T:':o_:'#'hx"'h“ fan 0 S 10 1S T
jow* ™ E,m
jow
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Summary of parameters

90C data
tmax d pH SNV m-1 F mlJj mccb ppm Dsi m2/s DH20 m2/s Sisat ppm KdB Kdli  fx k+g/im2d rfin log Ksi (90C) logKsi(25C)
A1 1200 9.5 200000 0 0 5.20E-14 3.00E-23 f(pH) 100 100 21 0.7 7.00E-08 -2.97 =37
|A2 600 9 5000 o 0 5.20E-14 5.00E-23 f(pH) 70 10 21 0.7 7.00E-08 -2.91 -3.64]
a3 600 74 5000 O 0 520614 300622 756 30 10 15 07 7.00E-08 278 -3.52
M 60 8 5000 O 0 520E4 100622 756 60 10 15 07 7.00E-08
N 600 95 5000 0 0 5204 300623 756 100 10 0 07 7.00E-08
|AG 600 10 5000 (] 0 5.20E-14 2.00E-23 106.9 100 10 0 0.7 7.00E-08
A7 600 105 5000 0 0 5.20E-14 2.00E-23 2133 100 10 08 0.7 7.00E-08
a8 60 11 5000 0 0 520514 200623 338 10 10 08 07 7.00E-08
A9 240 112 5000 0 0 5.20E-14 2.00E-23 674 100 10 08 0.7 7.00E-08
ICurti 3600 97 1200 0 0 5.20E-14 2.50E-23 849 100 10 2.1 0.7 7.00E-08
E9 48 7.5 12000 144 120 5.20E-14 8.00E-22 756 100 . 10 0.7 7.00E-08
E10a 30 52 26 144 120 520E-14  BOOE-® 756 100 10 0.7 7.00E-08
Et0a 50 52 26 144 120 520614  3.00E19 756 100 10 0.7 7.00E-08
[E11 37 81 4330 144 120 5.20E-14 5.00E-22 75.6 100 10 0.7 7.00E-08
E12 37 8.1 12000 144 120 5.20E-14 2.00E-22 75.6 100 10 0.7 7.00E-08
E13 37 8.1 26 144 120 5.20E-14 4.00E-21 756 100 10 0.7 7.00E-08
E15-a 10 8.9 12000 144 120 5.20E-14 1.70€-22 756 100 10 0.7 7.00E-08
E15-b 50 8.9 12000 144 120 5.20E-14 5.00E-23 75.6 100 10 0.7 7.00E-08
E16 50 89 26 144 120 520E-14  200E21 756 100 10 07 7.00E-08 34 -3.88
IA10 23 8.1 150 144 0 1.70E-13 1.00€-22 84 30 10 35 0.7 7.00E-08 -2.88 3.62
jAt1 23 8.1 150 144 60 7.00E-14 5.00E-21 84 30 10 35 0.7 7.00E-08 -2.61 -3.3]
|A12 23 8.1 150 144 120 7.00E-14 5.00E-21 84 30 10 0.7 7.00E-08
a17 370 50 o0 0 520613 5.00E-21 fpH) 10 10 08 07 7.00E-08 32 -3.93
O 11d dencies at 90C
800 1.00E-18
700 +
. 1.00E-19
7 30 g 100820 ————————
300 & 1.00821
200 . e ;
o0 100822 ———————
(& *e * 1 ~. .» !
0 , * . 1,00E-23
5 7 9 1 5 7 9 n
pH pH
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Framework of WP 3.3 : Long term
impact assessment of water diffusion
processes in the pristine glass versus
hydrolysis reaction by means of leach
tests at imposed pH

Materials used
» powders of SON 68
a) Particles with a diameter lower than 20 pm

SA =0.51 m?.g! measured by BET
method (Kr)

b) Particles with a diameter equal to 5 pm
SA = 1.39 m?.g! given by CEA
 Chips:2.4cmx2.4cmx 100 um
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Experimental conditions

* Dynamic system
flow = 0.6 mL.h!
» Temperature : 50°C or 90°C

» Solution saturated in silicon,
boron and sodium

pH=4.80r7.2 or 9.8

Dissolution of SON 68 in a static system at 90°C
with S/V =20000 m! (Tovena 1995)

Days

NL(Si)

NL(B)

NL(Na)

NL(Li)

NL(Mo)

189

0.03

0.43

0.42

0.66

0.19

9.53

NL in g.m?
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) [Na] [B] [Si]
Chemicals
(gL) (g/L) (g/L)
Na,B,0, 0.3988 0.3815

Si0,,
NaOH 0.0805 0.1275
NaOH

(M) 0.5347

Composition of the synthetic solution

[Na]=1015mg.L!

[B] =381 mg.L"!
[Si] =127 mg.L"!
pH;=12

C,H,0,/ NaOH

 pH 9.8 in equilibrium with atmosphere obtained by
bubbling with Ar/ CO,(90/ 10)

» pH 4.8 obtained by using a chemical buffer
CH,COOH / CH,COO- Na*
» pH 7.2 obtained by using a chemical buffer

— 113 —




JNC ZN8200 2003-002

Experiment

Peristaltic pump

WATSON-MARLOW Oven FISHER
T = constant

Tubing /iV\PVC or TYGON

[ RV

/ parafilm —~

—3

parafilm

/ Powder 0'{ Reactor in Teflon
SON 68 SAVILLEX 35mL

Synthetic
solution

Leaching dissolution rate in g.m2.d"!

NC.-NC. ), (r/
NL,, - [((t"'l)—t) )J’(%/ NCHI)

W

C element

With NC = . . .
' % element in pristine glass
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Estimation of the uncertainty according to the error’s
propagation

i 2
2+A ‘(F x £2+AVZ+%’£‘—2
ANG T ENCr (;XNC}H] F) ) (NG, |

[rorc 1

ANL/NL =

@ +D1) VXNC'“)

Uncertainty in % in the case of experiments in a
dynamic system at 50°C with a synthetic solution
saturated in silicon (120 ppm), boron (380 ppm) and
sodium (1015 ppm)

pH

Material 4.8
atena 7.2 9.8

Li |Cs | Mo |Li |Cs |Mo |[Li |Cs |Mo

Powderd20 | 27 |27 |25 | 28 |26 | 25| 26 |26 | 25

Powder d5 27 |27 (25 126 |29 |29

chip 28 |28 |24 |30 |32 |31 (24 |25 |23
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Normalised leaching rates as a function of time for the dissolution at
50°C of the powder d20 with a synthetic solution saturated in silicon
(120 ppm), boron (380 ppm), sodium (1015 ppm) at pH 4.8
1E+H00
o} | *0
E’ E
- ! .
B2+ | WG
FR: LR TS
X1E03 1 s
my 12FUS E
Z S e 54
04 L : B,
B4 !'AAA'AA“
lE_OS— 1 L Illlll{ 1 t ||1|||= 1 1 I
0 1 days 10 100

Normalised leaching rates as a function of time for the dissolution at
50°C of the chip with a synthetic solution saturated in silicon (120
ppm), boron (380 ppm), sodium (1015 ppm) at pH 4.8
1,E+00
L |eL
LEOl ¢ |mcs
:{ [ |AMo s A a
¥ 1,502 +
5| g it A q‘h
£ i . 8% 2%y
& 1LE03 x 0
= g 5, B
1E-04 ¢ &
PEOS
0 ‘ 1 days 10 100
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Final corrosion rates in g.m2.d"!

50°C 90°C
Material | Element pH pH
4.8 7.2 9.8 4.8 7.2 9.8
Li 2.103 | 3.10°3 - 5.103 | 5.103 102
Chip
Mo 5.10°% - 104 [2.10°"| 3.10* 103
Li 2.103 | 2.103 | 6.105 | 5.103 | 2.103 | 2.103
Powder
Mo 3.105 | 10 10° | 2.10° 104 3.10*

* Steady state is not reached in these experiments

Evolution of silicon concentration during experiments conducted at
90°C with the powder d20 and the synthetic solution containing 120
ppm silicon

180
160 {
140 $ g %
:120 g §
@ 100
£ 80 @pH4.8
Z 60 epH7.2
40 EpHO.8
20
0 ————t—tt—q— ——t —t—t —— —t
0 10 20 30 gays 40 50 60
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Normalised leaching rates as a function of time for the dissolution at
90°C of the powder d20 with a synthetic solution oversaturated in
silicon (240 ppm), boron (380 ppm), sodium (1015 ppm) at pH 9.8
1,0E+00 ¢
oL
v 1’OE-01 E A Mo
g : EmCs
E 10802 ¢ 3t
% Ssaany
s E 4
1,0B-04 %
1,0E-05 Ly . ‘ .
0 1 10 gays 100 1000

Final corrosion rate in g.m2d ~! for experiments at
90°C with SON 68 powder
[Si] 120 ppm 240 ppm
Element Li Mo Li Mo
pH4.8 | 5103 | 2.105 | 102 | 4.10°
pH 7.2 2.1073 10- 4,103 104
pH 9.8 2.103 | 3.10% | 2.1073 104
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Evolution of spectra during alteration of powder d20 with a
synthetic solution at pH 4.8
0.2 g 03
‘ o L35 days £
s 15 days A | 2 N
: /R 71\
- 0, : Q15
£ AN NER
2 s | v 7N z
C \ i 008 O
0 < ~ ! 0 / —/ WML
2500 2700 2900 3100 3300 3500 3700 3900 2500 2700 2900 3100 3300 3500 3700 3900
Wavenumbers in cm!
035 - 05
03 : 045 7N :
o 49days 7\, N v P —s A\
V4 W A B\ w—
§ 015 / / \ll ! O:i YA 11 i
i /N \} ‘ os /’\/\ 4
& o VAVANEEL' o 7 7 ’
i 00s
I 4 <
2500 2700 2900 3100 3300 3500 3700 3900 2500 2700 2900 3100 3300 3500 I 2900
Wavenumbers in cm"!

Beer — Lambert Law :

A=¢I1C

Literature extinction coefficients

€siog = 70 L.mol-l.cm1 [1]

8H20 (1&ID) =1 L.mol'l .C«n‘l_1 [2]

[1] F.Geotti-Bianchini, Geibler H., Krdmer F., Smith IL.H, Glastech.
Ber.Glass Sci. Technol., 72 n°4,(1999).

[2] N. Yanagisawa, K. Fujimoto, S. Nakashima, Y. Kurata, N.
Sanada, Geochimica and Cosmochimica Acta, 61 n°6, pp 1165-1170,

(1997).
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8 - -
711 ed20pH48 d5 pH 4.8 —
1| xd20pH72 ®d5pH7.2 /
©d20 pH 9.8 md5SpHO.8 /
g 5
o Slope =3 *
= 4
= .
e Glass powder
£ 3 ®
) 90°C
2
]
X
1
0 T T T T
0 0,5 1 1,5 2 2,5
mol Li + Cs + Na / kg glass
1
0.9 / WpH 48
08 / epH72 | |
0,7
- Slope =3 /
Z 06 -
o Chip
= 0,5
- 90°C
E 0,4 /
0,3 /
0,2 /
0,1 -
0 T T T T
0 0,1 0,2 0,3 0,4 0,5
mol Li+ Cs + Na / kg glass
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GM 2001 model
(B. Grambow, R. Miiller, Journal of Nuclear Material, 298, pp 112-124, 2001)

o Diffusion Layer with
Pristine glass layer g¢ precipitates
A
_—— — — — Si
st | H,0
H,O | solution

concentration

i \‘—E H.si0,
\
: " OH-, Na-

> & —
>4

) Pristine glass or hydrated Corrosion depth

Modeling of the results obtained during dissolution

of the powder d20 at 90°C with the synthetic solution

atpH 9.8
1.49
134 %)

12
105
CB 09 o
Cu  omsll

N
in 061 Hes 9 \

3 N
ppm 0.4 %l .

=102 m2.s!
Dy,o =10%m?s

—_—

031 28
o
017 S e <toM

D02 e e 36224527 5433

time in days
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Modeling of the results obtained during dissolution of the
powder dS at S0°C with the synthetic solution at pH 4.8

252

227 ! \

202

176 b
Cu 0 N Dy = 8.102 m?.s7!

1.26 . N
101 N ~
| ,C) \

076 o
0.5
025

P

21 A SV
Ocp-u.

00 1103 2206 33.08 4411 55.14 66.17
time in days

Modeling of the results obtained during dissolution of the chip at
50°C with the synthetic solution at pH 7.2

0.008

f
00072
\
|

0.0064

C 0.0056 O\
B N
0.0048 fo \ DHZO = 1.5.10-22 mz_s-l

C, o4 %(\

) 00032 -3
) N AN Sy :
[
PPIT ooy [-—F20 =

g10*

%.05 167 3335 50 66.65 833 99.95

time in days
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Water diffusion coefficients in m?s-! for experiments

conducted at 50°C

pH 4.8 72 9.8
Powder 2 23 2
420 4.10 6.10 3.10
Powderd5| 8.1023 5.3+1023
Chip | 2.5°102! | 1.5-1022

conducted at 90°C

Water diffusion coefficients in m?s-! for experiments

pH 4.8 7.2 9.8
Powder 91 2 o
420 3.10 5.10 10
Powder d5 102 1.5¢1022 6.10-23

Chip 4101 | 41020 | 2102

— 123 —

13



JNC ZN8200 2003-002

Water diffusion coefficients similar to
those obtained by :

* Doremus (1975) — Baucke : experiments
conducted at 50°C ina 0.1 N H,SO,

 Lanford (1979) : 90°C in pure water

Arrhenius law:
InD=-E,/RT +In D,

Activation energy determined from the experiments conducted with
the powder d20

-46

47
43 - y=-49147x - 30,978

-49 \
50 - ¢pH4.8

514 | ®WpH72 -\_

nD

521 |apH98 y=-51717x- 31,918
-53

541 y=-85531x - 22,328

-55 T T T T T T T

30E-04 3,1E-04 32E-04 33E-04 34E-04 35E-04 3,6E-04 3,7E-04 3,8E-04

1/RT
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Delage (1992) : E, = 60 kJ.mol!
Yanagisawa (1997) : E, = 60 kJ.mol'!

Usually an activation energy between 40 and
80 kJ.mol-!characterises a surface reaction but
Yanagisawa considers the activation energy of
60 kJ.mol-! as associated with water diffusion
in a hydrated glass layer

apparentE
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Work-Package 1:

Task No. 4 and 5: FZK-INE

Coprecipitation experiments:

To determine the maximum obtainable solution concentrations of
fission products, Th and U during glass corrosion two sorts of
precipitation tests were performed:

WP1-4: Dissolution of simulated HLW glass at 80°C in highly acid
(HC1) and highly basic (NaOH) media followed by pH
adjustment to obtain alteration gels between pH 2.5 and 10;
Characterisation of the products obtained.

WP1-4-1: Glass dissolution in 0.5 M HCI1 (80°, 50°, 23°C)
WP1-4-2: Analyses of the precipitates( XRD, SEM/EDX)

WP1-4-3: Glass dissolution in NaOH, acid MgCl,-rich solution
and in HC1 under more reducing conditions (Argon)

WP1-4-4: Analyses of the precipitates

WP1-5: Preparation of acid solutions containing the glass frit
components, fission products, Th and U in soluble form
(Chlorides, Na,SiOs, B(OH); ). Adjustement of pH to 2.5-10;
Characterisation of the products obtained.

WP1-5-1: Preparation of acid solutions containing the elements in
soluble form

WP1-5-2: Analyses of the precipitates
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concentration

super saturated

pH<1 conditions

pH 4

precipitation pH 8

glass corrosion under saturated

REE, Act.

time ——

Glass dissolution tests:

Glass sample:

Solution volume:

Sampling time:

Dissolution temperature:  80°C
high S/V-ratio: >10000 m’*
Dissolution time: 30 days

5 g glass powder (<100 pm)

50 ml

- Media: 0.5 M HCI (pH <1), 2 M NaOH (pH~ 12.5),
acid 2M MgCl, (pH~ 0.5)
- pH values: between 2.5 and 10

after about 10, 60 and 120-150 days
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Glass dissolution in HCI (3" sampling,125 d)

1.E+00
e 1.E-01 4---o--rge- Yool sgreeis
|
=
]
£ 1.E-02 1
A
~
5
= 1.E-08 1
©
=
@
o 1.E-04 -
c
3
1.E-05 4---heoretic. - - -« --c-coerimme e
obtainable
concentration
1.E-06 ™ T T T T T T T T
0 2 4 6 8 10
pH(80°C)
Glass dissolution in HCI (3th sampling,125 d)
1.E-01
1 E_02 FeacsceezeNecenonnse
3 1.E-03 -
-
[o]
£ 1.E-04 1
gl
c 1.E-05 1
)
)
g 1.E-06 -
c
8 1.E-07
5
QO 1.E-08 qererecenfermnemaniieiii, T
theoretic.
1.E-09 4 -ODEAHIBDIE - <« everrecene e NG e e et nnean
concentration
1.E-10 T T T T T T T :
0 2 4 6 8 10

pH(80°C)
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Concentration of U in precipitation tests

1.E-1
Schoepite \\‘.___—-—— Schoepite (NEA TDP)

1E-2 d.experim) NN e
~ -
=
g PRI IO ST, N N\ Vo O OO
—_
5 N
= T S S s A N O AL ) AR
S
=
8 1E-5 4o tNEOFEHG: «---ceevevereeereerraree- XN RULNNS L2 efm e e BNy e emeeenee
c obtainable
8 concentration

TEBG Frreeermmmme e NGRS e NG A R

1 .E'7 T T T T T T T T

0 2 4 6 8 10
pH(80°C)
Concentration of Nd in precipiation tests
1.E-1
AmOHCO; (cr)

1.E-2 4 enr e e i o N\
Q 1.E-3
o TEB e ERANRR A e
E
T B4 e NS WA BT(10d) e
&
S TES f--eefeeene NG RN R SR 123D
©
-
g T T AR ¥ N O A LT TR
Q theoretic. S AN K
S 1.E-7 4 -obtainable----------------~-------- o :J — ...
o concentration

ST T R A . S~ S

1 ;E’g T T T I T T L !

0 2 4 6 8 10

pH(80°C)
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Concentration / (mol/L)

1.E-2

1.E-3

1.E-6 7

1.E-7 1

1.E-8 1

1.E-9 1

Concentration of Th in precipitation tests

A}

LIBD__ % \ i
e vy ko e TH(OH) BM)...cooocererere
| Th ........ ";‘;/.mcluding.c.ojlaids52. NOL..............

\

1.E-10

pH(80°C)

Concentration / (mol/L)

Concentration of Si in prcipitation tests at 80°C

1.E+0 3

1.E-5 3

1.E-6
0

2 4 6 8 10
pH(80°C)
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Concentration of elements in precipitation and corrosion tests

1E+01 3 ]
] ~GP WAK1(100g/L)
1E+00 1 H5 1 MMgCl2 brine,110°C,3a
1 p . Edissolved glass(H20)
] Edissolved glass (MgCl2)

1E-01 3
1E-02 1
1E-03

1E-04 s

Concentration/(mol/L)

1E-05 3

1E-06 -
[sa] [0} ) O [72] (4] [b] © =
(&) 5] = (&) | (&) =
Glass Frit HLW-Products

Concentration of elements in precipitation and corrosion tests

1E+01 5
3 --GP WAK1(100g/L)
] pH 7.3 ) .
1E+00 j§ ENaCl brine,110°C,3a
- ] Edissolved glass
~ 1E-01 3
— 3
o p
e ]
~ 1E-02 j
~ =
c ]
= ]
o 1E-03 ;3
+ E
@©
© ]
4 1E-04 1
= E
[¢}] ]
8 ]
c 1E-05 4
o E
© ]
1E-06 8
1E-07 - o E =
B [aa] © o [ (@} n © [<}] ke D
- (&) w wn = (& - (@] =2

Glass Frit HLW-Products
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Precipitates in MgCl, brine, pH 1.5

W+t cCc 00O

1500
1400
1300
1200
1100
1000
9004
soo{ O
700] 15
600
500
400
300
200
100

0
6.000

1.000

2.000

3.000

4.000 5.000 6.000 7.000 8.000 9.000
keV
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Glass dissolution residues in MgCl, brine, pH 5.5

2
e
4
»
tLUA
;]
4

S s

4000 Ko

Al
3600 s

3300 Mo
3000
2700 Th
2400 Mo

2100
1800
1500
1200
900
600{ ¢y
3004 ¢ vo

0

0.000 2.000 4.000 65.000 8.000 10.000 412.000 14.b00 16.b00 18.000
keV

W+ 00

Cr
Na Fe h
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Glass dissolution residues in MgCl, brine, pH 6.5

RE=“Bild U-Al-Fe

4000

3600
3300
3000
2700
2400
2100
1800
1500
1200

900

600

300

O 300

0.000 2.000 4.000 6.000 8.000 10.000 12.000 14.000 16.000 18.000
keV
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Work-package 1:

Task No. 7:

Sorption/coprecipitation behaviour of Am>"' on the gel layer

of precorroded, simulated HLW glass GP WAKI1 in water
and brines.

WP1-7-1: Sorption experiments: retention factors of Am in water

WP1-7-2: Sorption experiments: retention factors of Am in brines

EXPERIMENTAL:

Sorption experiments with Am were performed in a similar way
as the experiments from previous EU project with Eu, Th and U:

Precorrosion of glass powder: 40 days in water at 80°C,
S/V =1000 m™
pH- values in H,O and NaCl: between 2 and 10
mn 5M MgClz: " 15and?7
Concentration of Am**'; 10® and 10”7 mol/L
Solution sampling: after 10 days (30 days)
Analysis of Am**': Y- spectrometry

C (Mesorbed) V
Rs = . L/kg)
C (Megisoiv.) m
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Sorption behaviour of Am and Eu in water

1.E+07
TE+06 ----ommrrmmmre et o e
1.E+05
O E+04 e
=)
o 1.E+03
o B
1.E+02
1.E+01
1E+00 T T T T T
0 2 4 6 8 10 12
pH(80°C)
Sorption behaviour of Am and Eu in NaCl brine
1.E+07
o e— Nd
S0 R PR U - —rrr . e 2 ‘/'\09 .......
Wes Eu
TE+05 H-vecrermmm e (R A A
§ 1E+04 demvemmmmme Y7/ S P
g ]
o 1.E+03 - P
o VEr L ROEREEE TP PP PPET P
—— Am(E-8)
1.E+02 1 -8—- Am(7E-8)
’ -e— Am(7E-8)23d
" Eu(E-4)
FE40T v @ e & Eu(E-5)
X Ce
X Nd
1.E+00 T T T T T T T T T T
0 2 4 6 8 10 12
pH(80°C)
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Sorption behaviour of Am in water and brines
1E+7
X
JE B rerreerrremmer et R U ors s P AP SR
Am (water)— Am (NaCl bri
1205 e f e f *.Am (NaCl brine)
;a TE44 eeerermemrmmmemmemmmeeremeenieeee e L Apgreggereemrdremeee e
a MgCl, brine
.\m TE43 e I TR
c * Eu(E-5)
TE42 H-oeemmmmmmmemmnennnnzennnec o e 4 Eu(E-4)
»  Fu(E-4)50d
o Am(E-8)
TE4] errrmmeeeeeeeee AL e foreeeme e O Am(7.5E-8)50d
A Am(7.5E-8)
—— Am(6E-8)NaCl
1E+0 T T T T T T X  Am(7E-8)H20
0 2 4 6 8 10
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Sorption behaviour of Ho on smectite
1.E+7 -
1.E - [ DLRLLR TP EEEEPRPLERPPRPRY
+6 % »
o]
1_E+5 N
;ﬁ 1E+4 Ho. (on Smectite)-
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~ .
o 1 E43 deererrereeneeeceneee e fe e T S ST
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= NaNO3 N2
T E42 Feeeeeremieee e By, L LA LLRTTITSRETPEPE e NaClO4 Air
4 NaCIO4 N2
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1.E+1 - 7 < T °Am(E-8)36d R
o Am(7E-8)
1.E+0 — T 2 Am(7E-8)30d
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Modelling of Am sorption onto the gel layer
t00F --m
X
— 80f
T
= 60}
©
(M) /
O ’
5 40 K
n ,’
kS 20 /, Experiment
s S ) e SIOH + Me™ =—= SIOMe" + H'
S [ ——2SiOH + Me**=— (Si0),Me" + 2H"
@ 0k n
- log K, = -0.4
| 1 L [ i 1 Iy 1 1 1 n
1 2 3 4 5 6 7
pH
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. Purpose of WP4-7 and WP4-8: Study of the
K ' leaching behaviour of specific waste components

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEAIRE

* Objective: determination of the RN solubility which
is a critical parameter for PA
» Near-field versus Far-field
* Leach tests with doped glass in near-field conditions

> To simulate the near-field conditions, as backfill
materials

* FoCa-clay + pyrite + metallic Fe (WP4-7)
* Boom Clay + backfill mixture + Fe,O, (\WP4-8)

RN: radionuclide

WP4-7: Leach tests with SON6G8 glass doped
M with 23’"Np and 9Tc in FoCa-clay (under
e o reducing conditions)

ERNENERGIE
IE NUCLEAIRE

* Objective: Determination of the steady-state [Np] and [Tc] in
the near-field under reducing conditions

> To compare with the previous programme (importance of E, on [Np]
and [Tc] in FoCa-clay)

* Experimental programme
> static tests at 40°C with SON68 glass (0.34% Np / 0.12% Tc)
» S/V =50 m"
» 1000 g FoCa/ liter real clay water
* Interpretation
> [Np] and [Tc] in the leachates after ultrafiltration (100,000 MWCO)
> Activity of Np and Tc sorbed or precipitated on clay
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WP4-7: how to obtain reducing conditions?

» Addition of = percentages
of FeS,

> Not efficient (oxidation)

o /\ -« Addition of Fe coupons

: » Decrease of E,,
| —n—+25%pyrite o

450{ _o— rerroval of Fecoupons ~* [ » Removal of Fe —— E, /
-200{ - +3Fecoupons | ¥ L
" offan28ffeb2imei 3jul 1okl Sidecsieb21mt ﬂ
date of measurerment

Fe coupon in every test container

(vertically and parallel to the glass plate)

=2 WP4-7: Np activity (Bqg) in the clay water,
K ' sorbed on the Fe coupon and clay

* Weight % Np

100 )
= ' » Theory: 0.34%
10—
<} & Np clay (Bq) » Measured: 0.33%
z 1
:E 0.1 A Np solution (Bq) (dissolution of the glass
= 0
;;-t 0.01 = f; . X Np Fe coupon (Bq) using HNO; + HCI)
0.001 -

100 150 200 250
Duration (days)

> Most of Np activity (99.95%) found on the clay
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CK‘”. 5 y WP4-7: Tc activity (Bq) in the clay water,
— _~<"'  sorbed on the Fe coupon and clay

STUDIECENTRUM VOOR KERNENERGIE
CENTRE D'ETUDE DE LENERGIE NUCLEAIRE

* Weight % Tc

1000 —
. - —— ¢ ¢ Tc clay Bq » Theory: 0.048%
=
! ) A Tc solution Bq » Measured: 0.12%
’ ~. 10
; E [ - X | X Tc Fe coupon Bq ) )
'S (Dissolution of the glass
< X 4 .
B 0.1 ﬁ‘fj— — W Tc solution Bq using HNO, + HCI)
0.01 | ® Tc Fe coupon Bq
0 200 400 60
' duration (days)
C——> Most of Tc activity (99.5%) found on the clay
K P WP4-7: [Np] and [Tc] in the leachates
(] . .
after ultrafiltration
1.00E-08 ==

% : |

£ # [Np] (wol/)) |

~  1.00E-09 ‘\ ; ' ‘

E‘ l& ? W [Tc] (series 1) (moV1

= \-fﬂ‘r N ‘ 4 [Tc] (series 2) (mol/I)

& ;
1.00E-10 g ;
0 100 200 300 400 500 600
- duration (days)

[Np] and [Tc] in the clay water very low (lower than the solubility
of the expected solid phases: Np(OH), = 5x10-°M and TcO(OH), = 108 M)

[Np] = 1.6x101°M  [Tc] = 2.6x10-10 M
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STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEAIRE

WP4-7: Comparison of the near-field
with the far-field concentrations

ili RN] PS|b
[RN] RN] (far- Solubility = | [RN] best | [ N] PS|
(molf) (near-field) |elc])$ grl:léggg solid g%tlmate calculations
Np-237 | 1.6x100 | 6.7x10-1° Np(OH), 106 5.4x10-°
Tc-99 2.6x10-1° 108 TcO(OH), 3x108 4.4x109

A Migration data (SCK)

B PSI: “Project Opalinus clay: [RN] limits in the near-field of a repository for spent

fuel and vitrified HLW (re

port dec 2002)

@ WP4-7: Conclusion of these tests

IECENTRUM VOOR KERN

UDI ERGIE
CENTRE D'ETUDE DE LENERGIE NUCLEAIRE

* Comparison with the results of the previous programme

FoCa-clay (ox. Cond.)

FoCa-clay + Fe coupon
(reducing cond.)

[Np] (mol/l)

10-8M

1.6x10-1°M

[Tc] (mol/l)

10-M

3.25x10'°M

State of progress: series 1: 365, 720d, series 2: 90 to 720d

* The redox potential is the main parameter affecting [Np] and [Tc].

» Fe coupons induce very low Np and Tc concentrations

Most of Np and Tc are found precipitated on the clay.

— 142 —




JNC ZN8200 2003-002

;== WP4-8: Leach tests with SONG68 glass doped
@@ with Zr, Pd, Se, Sn in a backfill mixture

STUDIECENTRUM VOOR KERNENERGIE
CENTRE DETUDE DE LENERGIE NUCLEAIRE

« Objective: Determination of the mobile steady-state
concentrations of Zr, Pd, Se, Sn in near-field conditions

» No attention given in previous programme

« Experimental programme
> Static tests at 40°C with SON68 glass (inactive Zr, Pd, Se, Sn)
> S/V =2500 m"

» Medium: Int-RIC (1500 g of Boom Clay + FoCa-clay + sand + graphite
+ Fe;0, + stainless steel / liter real clay water) ,

* Interpretation

» Concentrations of Zr, Pd, Se, Sn in the leachates after ultrafiltration
over 100,000 and 10,000 MWCO

@C@ WP4-8: Why inactive isotopes?

STUDIECENTRUM VOOR KERNENERGIE
CENTRE D'ETUDE DE LENERGIE NUCLEAIRE

LSC y-spectrometry | ICP-MS remarks
1) Isotopes of
interest
Not ppos
Zr-93 possible Difficult OK
Se-79 Could be | Not possibl OK
e- possible possible
Pd-107 Dossible | Notpossible | OK
Not e
Sn-126 possible difficult OK
2) alternatives
Zr-95 T,,=64d
Se-75 Possible T,,=120d
Sn-113 possible

ﬁ>“ Use of inactive isotopes measured by ICP-MS
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x
5 0
o

WP4-8: Weight percentages of the
elements in the SONG8 glass

DIECENTRUM VOOR RERNENERGIE

CENTRE DETUDE DE LENERGIE

NUCLEAIRE

fisshe soive 1 SN0 221 SN v 1 SONOS
zr |1 I0%4% 1265 2.65 1.96
Sn 0.02 0.02 0.02 0.016
Se 0.03 trace 0.038 0.02
Pd 0.33 trace 0.35 0.033

Smaller % values compared to theoritical ones, especially for Pd

CKC

(Pd not homogeneously incorporated, precipitation?)

WP4-8: Concentrations of Sn, Se and Pd
in the leachates

CENTRE 'ETUD E ERGIEN CLEMRE

* No difference in concentration after ultrafiltration through
10,000 or 100,000 MWCO

[x] (mol/l)

1.00E-09

|
\
|
i

1.00E-07 +

1.00E-08 -

Duration (days)

* [Se], [Pd], [Sn] are stable with time
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K C WP4-8: Concentrations of Zr in the
leachates
1.00E-06
% 1.00E-07 -
é M Zr moll
E 1.00E-08 |
= — [Zr] =/5.5x10°M
1.00E-09 :
0 200 400 600
duration (days)

* [Zr] decreases as a function of time (steady-state after
365 days)

» Formation of Zr colloids!?

WP4-8: Comparison of [Zr], [Sn], [Se], [Pd]
M in the leachates with the background
e eenes:. CONCENTration (starting medium)

1.OOE-06 — - | 1
* L - ‘
S 1.00E-07 1 : IS e
: A W Zr moVl
X 1.00E-08 - & - ﬁ s e
% ? 2 & Sn mol/l |

1.00E-09 T T ‘ ‘
t 100 200 300 400 500 600

duration (days)
Background concentratlon

* [Se], [Sn], [Pd] are not higher than their background concentration

[Zr] first increases and then decreases to come back to its background
concentration

* [Se€] relatively high (would expect SeO,% to be present)
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WP4-8: Comparison of the near-field with
@@ far-field concentrations

CENTRE E UD EAIRE

RN] [RN] Solubility [RN] best [RN] PSIP
Element [ . . limiting solid | estimate calculations
5x10-9 .
Se 25x107 | ZAI N1 ge (cr) 5.5x10° 5.3x109
clay water)
Zr 5.5x10-° ZrO,, ZrSiO, 6x10-7 2.2x10°
Pd 9.4x10° 2x108 Pd(OH),, Pd 107 Very low
Sn 4.2x10-° Sn0,,Sn(OH), 3x10- 1.2x10-8
A Migration data SCK
B PSI: “Project Opalinus clay: [RN] limits in the near-field of a repository for spent fuel and vitrified
HLW (report dec 2002)

WP4-8: Conclusions of these
tests

State of progress: Last tests (720 days) finished, waiting for the
results

* [Zr], [Pd] and [Sn] are very low and have reached a steady-state
concentration in the near-field

Zr 5.5x10-°M
Pd 9.4x10-°M
Sn 4.2x10°M

* [Se] are quite high ([Se] = 2.5x10-"M) (probably selenate)

* The dissolution of the glass does not increase the overall
concentrations of these elements (not higher than their background
concentrations).
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GLASTAB 29/30 October 2003/Schyb 1

GLASTAB Meeting, 29/30 October 2003

PA exercise

e Sensitivity analysis on glass dissolution rate

e Barrier function of gel

Bernhard Schwyn (Nagra)
Gerhard Mayer (Colenco)
Enzo Curti (PSI)

Jurg Schneider (Nagra)

il
Bundesamt fir Bildung und Wissenschaft P A g "
Swiss Federal Office for Education and Science COL\-cho n a rq

Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb 2

PA calculations

¢ Model chain:

Canister failure time
v

Source term: Parameter variation

v
Diffusion through bentonite buffer

- Hypothetical direct release into biosphere

- dose

or

- Transport through geosphere (Opalinus clay)

v
Biosphere - dose

e Sensitivity analysis on

— Glass dissolution rate - relative barrier efficiency

— Glass surface area: particle form and size distribution
e Retention in glass corrosion products (gel)

— Radionuclide solubility in the gel (Precipitations, solid
solutions)

— Radionuclide sorption on gel

sl
Bundesamt fiir Bildung und Wissenschaft Py a g ru W
Swiss Federal Office for Education and Science COL\VN co n

Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb 3

Possible layout for a deep geological repository for
SF / HLW / ILW in Opalinus Clay

Emplacement tunnel SF/HLW Emplacement Tunnel ILW

...r-ﬂlm"m
Bundesamt fiir Bildung und Wissenschaft w
coL@nco NAGra

Swiss Federal Office for Education and Science
Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb 4

Releases of radionuclides from vitrified waste:
Reference case (ca. 700 canisters)

Release rate [mSv a™]

[
~

Release rate [mSv a™']

=2

)

Release rate [mSv a™]

O
~

102 T T T 11100 T T T 1TTIT] T 1 T 11110
10°
100
107
102
103
104
105
10
107
108

1.9 1 11 111ty 1t | |
103 104 105 108 107 108

102 T LLLALBLLAL I Ty I T rvrTT

107 Release into Opalinu

100

107

102

103 P

10+

10

108 129

1 0-7 ,ﬁ

1 > —
108 °Se / fzzsp/
1 1 1 ttitl 1 1 /1 |||"ﬁ 'IJ l\\i LIl

10
103 104 105 106 107 108

102 T LR I IIIIIII[ 1 T"TTTTTIT: 3 5 =

10? Release into biosp

100

101

102

1073

=

10%

107

10-8 79
10.9 Lot aagnl 111t 2z l!ll!lise

103 104 105 108 107 108

Al
Bundesamt fir Bildung und Wissenschaft w
cor®nco NAGra

Swiss Federal Office for Education and Science
Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb 5

Glass matrix dissolution rate
as a function of time after canister failure.

1E+0 3 3
i Density p [kg/m~]: 2000
1E-1 { Effective sphere radius r, [m]: 0.018 m
1 Glass dissolution rate x [kg/(m? a)]:
© 1E-2 3 —4E-2 (Pessimistic)
E‘ 1E-3 _ — 7E-5 (Reference case)
© E s TE -7 (Optimistic)
S 1E-4 5
E ]
S 1E-5 3
o 3
5 ]
x 1E6 =
- b
£ 1E-7 :
0 ]
S 1gg ]
© .- P
1E-9 3 x
1E-10 1 T T TV Iram rrTTrmT T T 11T rrrTrrhT T T T TITTmmy TOTTTITT T rrromr
1E+0 1E+1 1E+2 E+3 1E+4 1E+5 E+6 1E+7 1E+8
Time after caister failure [a]

T denotes the time of complete dissolution

Factor of glass surface area increase due to fracturing: 15

e
Bundesamt fur Bildung und Wissenschaft COL ccho n a g r G "1m

Swiss Federal Office for Education and Science
Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb 6

Release rate from bentonite buffer
as function of glass dissolution rate (1 canister)

o All radio-nuclides .

Rielease rate from bentonite buffer [mSv/a]
=)
il ]

TrTm

ey
o,
hhid |

-
o,
hid ]

Time [a]

10° p— g T T — T T

135
Cs

E + « + * Pessimistic glass dissolution rate: 4 x 102 kg/(m2 a)

—— Reference case: 7x10” kg/(m” a)

o: oeaigias slabiploVig_param_giass_diss_rateimagh)7.04.03

== == QOptimistic glass dissolution rate: 7x1 o’ kg/(mz a)

Rlelease rate from bentonite buffer [mSv/a)

gy o o oo

Y S BT NP UTN B T R ||
10° 10
Time [a}

Release rate from bentonite buffer scaled with BDCFs (Biosphere Dose
Conversion Factors) of OPA reference case

10

Al
Bundesamt fiir Bildung und Wissenschaft n
cot@nco NAGra

Swiss Federal Office for Education and Science
Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb 7

Release rate from bentonite buffer,
instant glass dissolution assumed (1 canister)

O T T T T T Ty

of Al radio-nuclides ]

-

on

™
ul

Rlelease rate from bentonite buffer [mSv/a)
= S ]
~ «w
T T v
PYTT PRI §

-
Q,
dll

Y TN | RPN il NN | el
10° 10° 10 10
Time [a]

10 T T e

[ 135
ol Cs

10 E' - - - = No sorption on corrsosion products (instantaneous glass dissolution)
[ —_— K, of Corrosion products = K, of Bentonite (instantaneous glass dissolution)

p: fyea/glasstabiDloVfig_instant_glass_ciss/imeg/D7.04.02

Rlelease rate from bentonite buffer [mSv/a)

Time [a]

Release rate from bentonite buffer scaled with BDCFs of OPA reference case

A
Bundesamt fiir Bildung und Wissenschaft w
cor@®nco NAGra

Swiss Federal Office for Education and Science
Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb 8

Evaluation of PSI glass dissolution experiment
- SON-68 glass

¢ Evaluation of incongruent release of elements (Li
assumed to be congruently released)

e Results interpreted as:

— Solubility limits
or
— Sorption (= Ky values)

SON-68 glass Bentonite
o f. dissolved Ky Solubility Kq
g aver.calc. \ .
o mol/g glass [mol/l] [m°/kg] [mol/l] [m°/kg]
u 12y 12y
Cs 1.0E-04 3.2E-05 4 high 0.1
Mo 1.3E-04 1.6E-04 0.6 1.0E-06 0
Ni 9.9E-05 1.4E-06 100 3.0E-05 0.2
Sr 3.2E-05 4.5E-07 90 2.0E-05 0.003
Zr 2.2E-04 4.2E-07 700 2.0E-09 80
La 5.5E-05 1.3E-07 600
Ce 5.7E-05 1.5E-07 500
Pr 2.6E-05 1.2E-07 300
Nd 9.5E-05 1.5E-07 900
Sm 5.0E-07 4

S
Bundesamt fiir Bildung und Wissenschaft coL {'QNCO n a g ra "‘m

Swiss Federal Office for Education and Science
Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb 9

Assumption for the PA calculations

e Cesium concentration in solution assumed to be fixed
by a solid or solid solution:

— Cesium concentration in solution used as solubility
limit
— Shared solubility of Cs isotopes

¢ Results interpreted as cesium sorption on gel:

— Kg value of 4 kg m™ calculated from PSI glass
dissolution experiments

— Porosity = 0.27: calculated from the density difference
between glass and gel

— Diffusivity assumed to be high (free water)
—gel = mixing tank

— Gel layer of constant thickness: 20 cm (ca. radius of
original glass cylinder; no coupling between glass
dissolution gel layer growth)

P
Bundesamt fiir Bildung und Wissenschaft s n a g "0 W
Swiss Federal Office for Education and Science COL\7N CcO

Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb 10

Cs solubility limited in gel:

Release rate of Cs-135 from bentonite buffer as a
function of glass dissolution rate (1 canister)

10 T T ——T T g3
; :
o &
11 H
10 3 135 g
10°F M
= F . e . . &
& L solid lines: No solubility limit (Cs) in reservoir . ki
g 10 E symbols: Solubility limit (Cs) of reservoir = 3x10™ mol/l 5
E 3 £
[ I H
b= 2 | H
2 i P
2 .C
é 107 Pessimistic glass dissolution rate:
o F 2 2
o 4x10° kg/(m” a
g 107 - g/( )
= F Reference case:
& 5[
S 0TE 7x10° kg/(m? a)
7] 5 S Q
a S
2 10°F
o = Optimistic glass dissolution rate:
10 F
10° F
9 L N o o
10 = 3 4 5 6 7 g
10 10 10 10 10 10 10
Time [a]

» Release rate of Cs-135 from bentonite buffer scaled with BDCFs of
OPA reference case

A
Bundesamt fir Bildung und Wissenschaft "
cot@nco NAGra

Swiss Federal Office for Education and Science
Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb

Sorption of Cs in the gel:

~ Release rate of Cs-135 from bentonite buffer as a
function of glass dissolution rate (1 canister)

11

10°
10'F

10

10’ 3
107 F
107 F

107 F

Rlelease rate from bentonite buffer [mSv/a]

10 E
107 F

107 F

135

solid lines: No gel-layer 3
symbols: Sorption in gel-layer (Cs) =4 m'/kg

Cs

ps: /gsa/glasstab/plotfig_gelschicht_sorption/mag/07.04.03

Pessimistic glass dissolution rate:

Reference case:
> 7x10° kg/(m? a)
Optimistic glass dissolution rate:

7x107 kg/(m2 a)

10
10

10°
Time [a]

¢ Release rate of Cs-135 from bentonite buffer scaled with BTK of OPA
reference case
e The thickness of the gel layer is assumed to be 20 cm.

Bundesamt fir Bildung und Wissenschaft
Swiss Federal Office for Education and Science

A
coL@nco NAGra’

Colenco Power Engineering Ltd
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GLASTAB 29/30 October 2003/Schyb 12

Summary

¢ Sensitivity analysis on glass dissolution rate:

— Within the near-field barrier system the glass
dissolution rate starts to get significant around the
Nagra reference value of 7 10 kg m™“a™ (SON-68)
— Below 7 10° kg m?a™: insignificant

— Above 7 10° kg m?a™: increasing significance

e Retention capability of the gel for cesium:

— Interpretation of cesium concentration in solution as
solubility limit:
—No additional retention

— Interpretation of retained cesium as sorbed

—good retention; sorption on gel compensates for
high glass dissolution rates

e Sensitivity analysis on glass surface area (particle form
and size distribution): work in progress.

il
Bundesamt fur Bildung und Wissenschaft \ G g rﬁ W
Swiss Federal Office for Education and Science co"\?” co n

Colenco Power Engineering Ltd
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Long-term kinetics and alteration of

two reference borosilicate glasses

(MW, SONG8) for radioactive waste
disposal in Switzerland

- GLASTAB WP 1-6 + WP 5-5
E. _Curti

PAUL SCHERRER INSTITUT
WASTE MANAGEMENT LABORATORY
VILLIGEN ( CH)

&
J.L. Crovisier

ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE
CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517),
STRASBOURG (F)

N\

ez )= Avignon 29-31/10/03 %
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Scope and motivation

(1) Provide reliable long-term dissolution
rates for the Swiss reference HLW glasses

‘ source-term parameter for safety analysis

(2) Identify secondary phases formed
during the alteration process:

- how do they correlate with solution chemistry
and glass composition?

- ~in which phases are FP/actinides retained ?

W

o[ e Avignon 29-31/10/03 %
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COMPOSITION OF INVESTIGATED GLASSES

SONG8 MW
weight % (COGEMA, F)  (BNFL, GB)
SiO, 45.5 46.2
B,O, 14.0 16.7 -
Al,O, 4.9 5.3
Na,O 9.9 8.1
CaO 4.0 -
MgO - 5.9
ZnO 2.5 -
Fe, O, 2.9 2.7
Li,O 2.0 3.8
MoO, 1.7 1.8
FP+ Actinides * 10.4 8.6
other minor els. 2.2 1.3
=i migonzostnons R B2
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PSI - long term glass leaching tests
Experimental setup:

600 ml distilled
H,O + 24 gglass
Corrosion time:

SONB8 (5 X))
now ~ 13 years MW (5X)

i

S/V =1200 m-"
T=90°C

static conditions

- CO2 exclusion

10 ml samples
(drawn after 28, 91, 365,
548, 730 then yearly)

- no refill

PAULSC[;STZST'TUT 'Avignon 29-31/10/03 % Uj% 4
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PSI - long term glass leaching experiments

Wet glass samples after 5 y reaction

Crust of
secondary
. precipitates

PAUL SCHERRER INSTITUT

Van

J'_'_J
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Overview of kinetic data

 Normalised mass loss: NL(B) — B
7SIV
14
12

4
2
0
0 1000 2000 3000 4000
time [days]

* MW corrosion >> SONGS8 corrosion

+ NL(Li) < NL(B) for MW,
NL(Li) = NL(B) for SON68

PAUL SCHERRER INSTITUT

&

Avignon 29-31/10/03
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Determination of corrosion rates
* Only data > 500 days considered

« Each single point weighted o = + 10%

14
12 : S e
. 101 SR S
~ S G o o 2 2 s
g .
2
)
=
Z
2 -
N'-q
E
R
m
j -
Z -
p 1.3i0.2x10-4gm-2d-1
O Q l | l l T I T

0 500 1000 1500 2000 2500 3000 3500 4000
time [days]

PAUL SCHERRER INSTITUT
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Silica concentrations

200
r
S 190
g 4
c
S
2 50
8 .
oD SONG68 2 cooling events
O . T T T I

0 1000 2000 3000 4000 5000
leaching time [days]

1. fast increase to [Si] ~150 g/L in 1st year
2. Slow decrease to ~ 90 g/L up to 3"year

3. Renewed [Si] increase correlates with 2
~ unwanted cooling events (oven malfunction)

\E
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Alteration after 5.7 years (SEM ‘

MW SON 68

rich in alteration products less alteration prodUcts

(crust)

s

coalesced grains

%.:g

PAUL SCHERRER INSTITUT

B
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Alteration (TEM sections

- MW alteration zones: SON 68 alteration zones:
well-differentiated poorly differentiated
thick coatings thin coatings

PAUL SCHERRER INSTITUT

Avignon 29-31/10/03
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Overview TEM ( MW glass)

Cross section through grain ~ Ln phosphate particle

T

o eeok 1L ; 2

Weight %  Glass Porous Clay Ln-P
(12.7 y) zone zone Particle
Na,O 1.6 0.7 1.0 0.4
MgO 60 131 147 71
AlLO, 11.3 8.8 11.5 7.5

SiO,, 70.0 64.6 66.7 42.6
P,O, 15 1.7 0.0 12.9
CaO 0.1 0.9 0.6 1.0
Fe,O, 3.2 3.2 3.4 0.0
NiO 0.0 0.3 0.0 0.0
ZrO, 1.2 1.8 0.3 0.0
Cs,O 1.1 0.2 0.2 0.2
Ln,O, 3.3 4.6 0.8 28.1

PAUL SCHERRER INSTITUT

]

Avignon 29-31/10/03
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AL'IS' RATION IN “POROUS ZONE” (MW)

.1 years

BT N S

Porous zone Porous zone
Clay zone Clay zone

Glass Porous zone
57y 122y

Na,0O 1.6 0.2 0.7
O Lite ) MgO 60 13.1 131
compositional ALO, 113 6.2 8.8
changes over SiO, 700 659 64.6
time P,O, 15 0.0 1.7
;N/ K,O 0.7 0.8 0.2
CaO 0.1 1.7 0.9

- Fe,O, 3.2 6.2 3.2
NiO 0.0 0.0 0.3
Zr0O, 12 08 18
Cs,0 1.1 1.9 0.2

Ln,O, 33 31 47
sum__100.0 100.0 100.0

o[ = I Avignon 29-31/10/03

-

12

A\
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ALTERATION IN “CLAY ZONE” (MW )°
5.7 years

> 0 19.0.3)

Porous zone Porous zone
Clay zone Clay zone

Weight % Glass Clay zone

- 5y 12y
(O Litte ) Na,O 16 02 10

compositional | MgO 6.0 132 147
changes over | ALO, 113 98 115
time SiO, 700 682 66.7

\ / PO; 15 00 08
K,O 07 07 0.1

CaO 0.1 1.7 06
Fe,O, 32 38 34
Zr0, 12 03 03
Cs,0 1.1 1.2 0.2

Ln,O, 33 09 0.8
sum 100.0 100.0 100.0

o e iy Avignon 29-31/10/03 %

N
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ALTERATION IN “POROUS ZONE” (SON68)

SONG68 5.7 SONG68 12.2 years

years

Glass Porous zone Clay zone
122y 5.7y 122y b7y 122y

Na,0O 55 0.8 0.4 3.5 2.9
ALO, 7.9 9.4 88 8.0 6.4
SiO, 707 715 705 619 619
CaO 45 4.8 3.3 09 07
Fe, O, 34 32 78 78 87
Zn0 2.8 0.7 oo 89 11.1

NO 08 nd 03 3.8 3.7
ZrO, 28 18 53 14 0.0
Cs,0 12 19 06 00 0.1
Ln,O, 42 34 54 nd 28

PAUL SCHERRER INSTITUT : U
J Avignon 29-31/10/03 % 14
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RETENTION FACTORS

CONCENTRATIONS IN LEACHANT &

(MW glass)
5.7 years 12.2 years
C(mol/L) | RF% | C(mol/L) | RF %
Cs* | 53x10° | 946 | 49x10° | 957
Niz* | 6.3x1077 | 999 | 1.7x10% | 99.7
Sr2* 1 13x10° | 99.7 | 1.5x10% | 99.7
Nd*> | 70x10° | 994 | 6.2x108 | 995
Zr* | 47x10° | 99.7 | 4.7x100 | 99.8

* High retention factors for FP ( and actinides )

» Conc. stable over time ( solubility limits? )

» Similar picture for SON68 glass

Avignon 29-31/10/03
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Ca0 (wt%)

144 ]

ELEMENT CORRELATIONS IN PHASE
MIXTURES (TEM ANALYSES)

SON 68, 12.2y, clay zone  LnPO,?

R

P,0s (Wt%)

Si,0 (Wi%)

Apatite? Ca,OH(PO,), /

Correlations suggest presence of Ca, Ln
phosphates also in SON68 (nanophases)

PT?CHTREMNSTIJTT:@; ~ Avignon 29-31/10/03 % W

[

W
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CONCLUSIONS

(1)Our 12 — years kinetic experiments
allowed us to determine precise long-
term rates for HLW safety assessment
in Switzerland

(2)A considerable number of safety-
relevant fission products have been
shown to be immobilised in secondary
alteration phases (clays, phosphates)

(3)The mineralogy of the alteration
products AND the kinetics depend on
glass composition: Mg favors clay
formation and speeds up corrosion

(4)Therefore, prédiction of RN release and
migration has no generic solution, but is

site and glass-specific

RRRRRRRRRRRRRRRRRRRR
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Corrosion under Irradiation

Summary

e Gamma experiments

* Alpha experiments

Gamma irradiation experiments

Experimental conditions

» Static experiments at 90°C during one week
S/V = 3970 m' (SON 68 powder S = 1.39 m?/g).

» Corrosion solution : synthetic solution saturated in silicon,
boron and sodium.

> Initial pH = 9.7 (pH in equilibrium with atmosphere).
> Irradiation at Orsay University with 6°Co.

time of irradiation = 14.6 hours with three dose rates :
3953 Gy/h, 300 Gy/h and 150 Gy/h.
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pH evolution

#3953 Gy/h W 300 Gy/h
10 A 150 Gy/h O Blank -
9,8 0
O
9,6 2 A a
T 94 [
9,2 ¢
g *
9 Gamma irradiation
8,8 T T T
0 20 40 60 80
Days
Li-mass loss
4 3953 Gy/h ® 300 Gy/h
02 A 150 Gy/h O Blank
. 4 ¢
% 0,15 Q
£ 0,11 g g
Z 005 22 8
O T T T T
0 20 40 60 80 100
Days
93 days | Blank | 150 Gy/h | 300 Gy/h | 3953 Gy/h
NL(L) | 0.13 | 0.14 0.13 0.2
NL(Mo) | 0.014 | 0.014 0.013 0.014

e Increase of ionic exchange
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Si-concentration

¢ Solution

- glass (3953 Gy/h)
M Solution - glass (300 Gy/h)
200 A Solution - glass (150 Gy/h)
O Solution - glass : blank
160
§, 120 é
i T :
gz 80 -
40
0 T T T T

20 40

60 80 100

Days

e No matrix hydrolysis

H,0, concentration

o
)

optical density

0,1 A

— solution 3953 Gy’h
— solution + glass 3953 Gy/h
— solution 300 Gy/h

solution + glass 300 Gy/h
— solution 150 Gy/h
— solution + glass 150 Gy/h

400

500 600

wavenumber in nm
Dose rate Gy.h™ 150 300 3953
Dose Gy 2190 4380 57714
Glass + Solution | 1,59.10° | 1,70.10° | 2,38.10°
Solution 2,041 0° 1,59.1 0° 1,82.1 0°
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Simulation of gamma irradiation :

pH decrease

Experimental conditions

» Experiments in static conditions at 90°C during one week
S/V = 3970 m' (SON 68 powder SA = 1.39 m?/qg).

» Corrosion solution : synthetic solution enriched in silicon, boron and
sodium.

> Initial pH = 9.6.

> Decrease of pH to 9 with HNO, (observed with a gamma irradiation

of about 58 000 Gy):
+One reactor directly at 90°C after the decrease.
¢ The other, one day at room temperature then 90°C.

pH evolution

@ Blank simulation
B [rradiation simulation_1
10 A Trradiation simulation_2
9,8 1
2 ’ .
ﬁ NG o
9,6 ¢
== i
a 94 pH decrease = -
9,2 1 L e A A
] RS A
9 am
8,8 . T . T
0 10 20 30 40 50
Days
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Li-mass loss

NL(Li) in g/m2

0,25
0,2 1
0,15

0,1 1

0,05 - »

® Blank irradiation (3953 Gy/h)
A Gamma irradiation (3953Gy/h)
# Blank simulation

M Simulation of irradiation_1

X Simulation of irradiation_2

A
]

%
¥ 14 et

pH decrease or gamma
irradiation

HO#-

0-/.

T T T T T T

0O 10 20 30 40 50 60 70 80 90 100
Days
Mo-mass loss
® Blank irradiation (3953 Gy/h)
0,025 A Gamma irradiation (3953Gy/h)
o 4 Blank simulation
g 0,021 ® Simulation of irradiation_1
& X Simulation of irradiation_2
£ 0,015 T
Q § L g g 2
S 0,01 - A
é 0,005 1 pH decrease or gamma irradiation
0 ¢ T T L T
0 20 40 60 80 100
Days
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Si-concentration

160

120 ééé é ; § "
g
=%
=%
£ 801
:;: # Blank simulation

40 A Trradiation simulation_1

M Trradiation simulation_2
O T T
0 10 20 30 40 50 60 70 80 90 100
Days

Gamma irradiation

Conclusions

High gamma irradiation doses can enhance the ionic
exchange process via a decrease of pH.

— 181 —



JNC ZN8200 2003-002

Alpha irradiation experiments

Alpha Irradiation : cyclotron at CERI/CNRS (Orléeans).
Time of irradiation : 30 minutes under mixing.
Eincident = 28 MeV — between 5 et 10 MeV due to

interaction with titanium sheets, air and cell window
(SRIM calculation)
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Electrochemical cell

Fricke dosimeter

y=2139,7x

absorbance
[
™
Il

—
1

&
(¥}
!

O T T T
0,0E+00 3,0E-04 6,0E-04 9,0E-04

concentration en ions Fe3+

1,2E-03

Fe?* + X — Fe** with X =H,0,, O,
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pH evolution

10
9,8 1
Q QB ﬂ g Al
E 9,6
9,4 ® solution + glass, H202 analysis
97 ® solution + glass
’ A solution + glass : blank
9 — T T
0 20 40 60
Days

Li-mass loss

® Solution + glass, H202 analysis
0,2 7] W Solution + glass
A Solution + glass : blank

%‘ 0,15 1
5 n
g 017 -
e, Y
Z 0,05 1™ Alpha irradiation
0 ' ' '
0 20 40 60 80

Days
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Si-concentration

® Solution + glass, H202 analysis
200 I Solution + glass -
A Solution + glass : blank
g 150 -
=h - _
) BE B
£ 100 1 . - n
4 | Alpha irradiation
50 ¢
0 T T
0 20 40 60
Days
Mo-mass loss
® Solution + glass, H202 analysis
0,025 B Solution + glass ]
0,02 - A Solution + glass : blank
oo 900 "
0,015 142 A
: ?s
4 0,01 1
Z Alpha irradiation
0,005 - l
0 T T T
0 20 40 60 80
Days
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H,0, concentration

Optical density
o o
B o))

1

e
N
]

—- Solution

— Solution + glass

(0] T T T T
270 320 370 420 470 520
Wavenumber in nm
Experiment Solution | Solution + Glass
pH 9.83 9.79
[H0.]en mol/L| 4,3.10° 7,27.10°
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o-DOPED GELS LEACHING UNDER
OXIDIZING AND REDUCING CONDITIONS

P. JOLLIVET, G. PARISOT CEA Marcoule

Final GLASTAB meeting

SOl GELS PREPARATION

—-————-—_

® Gels have been obtained by static hydrothermal glass alteration in
stainless steel reactors with gold joints
® Glasses doped with 237"NpQO, (0.85w%), 239+240Pu0,, (0.74w%)
and 21Am,0, (0.79 w%)
— glass monoliths : 25 x 25 x 3 mm?
— V=40cm?
— S =45 cm? = S/V=11cm’
—T =300°C and P = 100 bars
® Glasses were fully altered (= 70 days)
® After alteration, monoliths volume x2 and many cracks
® After drying, gels became hard
® The gel monoliths were ground with a mortar and a pestle

o Sg = 4.4 m2.g™

Final GLASTAB meeting
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e SEM OBSERVATIONS OF GELS
e | BEFORE LEACHING

081335 e.s. 15.0kV 32,000 100rm WD3Bmm ‘

3

Final GLASTAB meeting

=) | XRD analysis on a non-radioactive gel

120 1 analcime (Na, Al, Si, O, H,0)
" analcite (Na, Cs, Al, Si, O, H0)
100 1 albites (Na, Ca, Al, Si, O)
r labradorite (Ca, Na, Al, Si, O)
g acmite (Na, Fe, Si, O)
9; hydrated zeolites (Na, Ca, A, Si, O, H,0)
.‘5 borates or borosilicates
£ 0l
gy
% M A /
L W‘ﬂ WM‘H ‘h j 1 1
“M’Jw‘*MW"%‘WWM“«MMWM
‘ 40 50 60 70 80
2'e ()
XRD analy5|§:ﬁ‘nafxd0£§.?kogl'%g\e "r10 ress 4
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= GELS LEACHING CONDITIONS

® Gels have been leached at 50°C

® S/V=44cm™

® Oxidizing atmosphere: PTFE reactors, V = 1000 cm?3

® Reducing atmosphere: stainless steel reactors, V = 500 cm3

® Reducing atmosphere obtained by Ar+H, bubbling after each samplings
Ar + Hp ,

® Ox: Ehy 5= +150 mV Red : Ehy5%'= - 280 mV

¢ Direct and UF 10 000 Daltons samplings (+ filtred 0.45 pm for An) g
Final GLASTAB meeting

a0 pH measured at 50°C

—e—non-doped
—m— Np ox
—&— PUu 0x
—e— Am ox

8.0 B S P T e i

B R i e e |

0 100 200 300 400 |
TIME (day) ‘

Final GLASTAB meeting 6
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+ non-doped
m Np ox
A Am ox
= Np red

2.810° g.m?.d"

0.00 )
0 100 200 300 400
TIME (day)
[Si] = 40 to 64,000 AsTAB meeting !
=0 NL(B) ox - UF Sampling
04 ¢
031 ; i =
_ & + non-doped
QAE Li u Np Ox
; I & PuOx
:Jg 0.2 o Am Ox
= ey = 3 * =
oqess ® B ) ’ )
0.0 +— —— N E— T
0 100 200 300 400 |
TIME (day) i
8

Final GLASTAB meeting

— 190 —



JNC ZN8200 2003-002

Ce:] ) NL(Na) - UF Sampling

* non-doped
5 = Np ox
0.0 A Am ox
0.00 A N —— |- (] —
0 50 100 150 200 250 300 350 400
TIME (day)
9

Final GLASTAB meeting

G=J | NL(Na,Li,Cs) Np ox - UF Sampling

0.10
[ 2.110°g.m2d" :
. g.m“.d - —
0.08 - .
sy o [ ]
< 006 4 1.210% g.m*.d’
g O
= A
= 0.04

0.00 — e
0 50 100 150 200 250 300 350 400
TIME (day)

Final GLASTAB meeting 10
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L

+ non-doped
[| = Npox
| & Am ox

400
TIME (day)
Final GLASTAB meeting 1
SS9 Dissolution rates
GEL RATE (g.ni".d")
Si Na L Cs Ca S A
Inactif [28+0.610°]3.420410°(1.740.1 10* - 1240.1 10%[3810.810° -
Npoox |38#0910°2.13410°|1210310°(5442710°(1720210% - |37+1.210°
Puox |29:0810° - 1.340.410%| 4440.7 0% 23103 10° - -
Amox |92+1.610°%1.920410*|5240310%540.610°|2340.310%|1.140.110* -
Nored [23#0810°562010°|1.0203107|5142310° 5441.810° - |3610810°
Pured |540710°|45+0710%*|47+1510° - 88+1.210° - 8.1+1.910°
[Al] ;= 0.2 ppm
® [Fel,=0.8 ppm
12

Final GLASTAB meeting
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Cej_ Dissolution rates vs S/V
1OE'03 'E . Si . A' l
1.0E-04
.-_q
E 1.0E-05 -
b :
s [
1.0E-06 +
1.0E-07 N :
10 100 1000 10000
S/V (cm’)
i i 13
Final GLASTAB meeting

NL(Zr) - Direct and UF Sampling

Np ox -
P & direct
0.1 n UF
0.01
A,
A A A A A A A
E
o  0.001
= :
=z
[ |
0.0001 t.. = ® . . )
0.00001 7|. S G S A ST T M SO NN | R
0 50 100 150 200 250 300 350 400
TIME (day)
[Zr],s =15 ppb
14

[Zr], = 400 ppb
Final GLASTAB meeting
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Ce:] NL(La, Nd, Ce) Np ox - UF Sampling

S

0.0010 ~
e la
0.0008 " Ce
. b A
a Nd
‘?’E. 0.0006 ~ L
2
= 0.0004
A
A 3
0.0002 +
(R 3 ‘ 2
0.0000 -ty e
0 50 100 150 200 250 300 350 400
TIME (day)
. . 15
Final GLASTAB meeting
= [Nd] Np ox - UF Sampling
P
1000 1 . exp
: o Nd(OH)3
K3 4 Nd2(C0O3)3
o NdOHCO3
= 100 Taa b 2 Py A B
o r
& [ o ful Z ° g
SRR ° :
5 Ce o 2
Z 104 ° .
i [ ]
® [ ]
[ ]
1 R e ..nr-.ﬂfl e "_"JI'* e o i e R B o {
0 50 100 150 200 250 300 350 400
TIME (day)
' 16

Final GLASTAB meeting
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C@J_ﬁ 1 Np concentrations - oxidizing medium

1E'05 :g.
= s . - . .
< 1E-06 |
2 [
£ I )
E g
= LY 3 : X
o
Z 1E-07 7 I § | edirect Np,Os (er) ~ 105 M
! t - 8:5 Hm NpO,OH (am) ~ 104 M
4 A le NaNpo2003 4 10—4 M /
1E'08 T * L L - . 4 ) ) R ; . ‘ . . i
0 100 200 300 400
[RFd],i~35%  [RFuf]g~90% TIME (day)
17

Final GLASTAB meeting

Pu concentrations - oxidizing medium

1E-05 e direct
= 0.45pum
= a UF
1E-06 -
¥y = = e = -
©
E I
E 1E-08
= . i
; = x
1E-09
i x
LN Pu(OH), ~ 10" M
1E.10 B T T e S e S B B s S FRR Sy i B e I
0 50 100 150 200 250 300 350 400
[RFd]q ~ 93% [RFuf],g ~ 99.9% TME (day)
18

Final GLASTAB meeting
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CEDI Am concentrations - oxidizing medium

1E-05 = AmOHCO,; ~ 108 M » direct
' Am,(COy)s ~ 106 M L oa5pm
1E-06
:tt = - - . ; .
S1E-07 & !
]
E
'E1E-08
s x
x
1E-09 %, x . x
x
EAQ o S
0 100 200 300 400

Final GLASTAB meeting 19

= Np concentrations - reducing medium

[Np] (mole/l)

' [RFd]g ~ 50%

1.0E-05
= -3 g
T
L3 F3 3
1.0E-06 T - .
g 3
T T
z z
1.0E-07 7.y
, Ly
& ry o direct red
= 0.45um red
1.0E-08 ry A UF red
o direct ox
o 0.45um ox
a UF ox
F.0E-00 | oo ot o il e e s [ d
0 50 100 150 200 250 300 350 400

Final GLASTAB meeting 20
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Cej Pu concentrations - reducing medium

1.0E-06 -
T
s o T
. fuis [ d ) 118
1.0E-07 . g % *
% s directred
g 10E08 % 0.45 pm red
g 3 x a UF red .
- o directox .
HoE0s . 5 0.45pm ox
.Y a UF ox
x
1.0E-10 : | : ; .
0 100 200 300 400
[RFd],g ~ 98% [RFuf]g >99.9%  TIME (day)
Final GLASTAB meeting 21
® . 50% of the amount of elements are released since 1 day
® Since 3 days, gels dissolution highly not congruent
® r(Li)=2to 5r(Na) r(Cs) = r(Na)
® r(Li)=r(Ca)=1 to 10 r(Si) r(Na) = r(Si) = 3 105 g.m2.d""
® dissolution rates of Am-doped gel greater than for other gels
® Gel formed at 90°C and altered at 50°C: r(Si) = 105 g.m2.d"!
® Crystallized phases dissolution and gel dissolution
® same behavior for La, Ce and Nd
® RF(Np) < RF(Pu) < RF(Am)
® [Np]ox = 6 [Np]red
* [Pu]ox =4 [Pu]red
22

Final GLASTAB meeting
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& 5z ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE %

. % CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517)

STRASBOURG, FRANCE

Characterising the gels

Dissolution and transport

|

v

precipitation
retention
layer

Why is the characterization of these gels so important ?

GLASTAB Avignon, 29 & 30 octobre 2003 .
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U’ 1z ECOLE ET OBSERVATOIRE DES SCIENCES DE LATERRE o
é CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517)

STRASBOURG, FRANCE

2) Retention of radio elements

GLASTAB Avignon, 29 & 30 octobre 2003
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E ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE %

CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517)
=

STRASBOURG, FRANCE

GLASTAB Avignon, 29 & 30 octobre 2003
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@ ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE %
é CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517)

STRASBOURG, FRANCE

Study of alteration layers from basaltic glasses
CGS
WP1-1-2 WP1-2 (J.L. Crovisier)

Study of alteration layers from nuclear glasses
PSI - CGS |
WP1-6 (E. Curti, J.L. Crovisier)

Diffusion through the layer
Basaltic glass WP1-1 (CEA, P. Berne)
Nuclear glass WP3-3 (SUBATECH, K. Ferrand)

In-situ irradiation
WP2-7-5 (SUBATECH, A. Abdelouas)

Gel stability
WP4-2 (CEA, S. Gin)

GLASTAB Avignon, 29 & 30 octobre 2003
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% ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE
{_%/( CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517) %

STRASBOURG, FRANCE

WP1-2 Bibliographic survey of the effects of natural gels...

Available online at www.sciencedirect.com

{ scwucu‘@omao_ro Jm"'na' m
A nuclear
?z% materials

www.elsevier.com/locate/jnucmat

ELSEVIER Journal of Nuclear Materials 321 (2003) 51-109

Review

Nature and role of natural alteration gels
formed on the surface of ancient volcanic glasses
(Natural analogs of waste containment glasses)

Jean-Louis Crovisier 2, Thierry Advocat ®*, Jean-Luc Dussossoy b

* CNRS-CGS, 1 rue Blessig, 67084 Strasbourg, France
 CEAIVRHIDIEC, Service de Confinement des Déchets et Vitrification, Marcoule BP 17 171, 30207 Bagnol-sur-Céze cedex, France

Received 22 July 2002; accepted 28 March 2003

W

GLASTAB Avignon, 29 & 30 octobre 2003
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[%y ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE
%‘ CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517) %
-//*’

STRASBOURG, FRANCE

10E-03 1,5R-03 2,0E-03 25503 3.0E-03 U5E-03  ¢47(K) 4,0E-03

LA |

L o ' DR wy G 4 3 ‘T {od)
" Ea ~ 70 kJ/mol
' Edyane basnthque = 73 kJ.mol”’ (o=4)
In v =24 - (73.10%RT) (12 = 0,94)

Basaltic glass

4H

Nuclear glass

X Euera ki sones = 71 kJ -mor1 (0=6)
6. NMVve=2267-(71.10%RT)  (2=0,95)

& L

Techer, 1999

Vorse SON

L2 Crovisier e ol. (1985) +Delape and Dusweoceay (1991
H Atisssi (1U89)

1wz et ! (1997)

= Ciiglason sl Bagster {1987)
5y Gy and Scholt (1939)

o Berger et of, (15994)

|/ Crovisier o ol (15854

@ Cenie énnle

GLASTAB Avignon, 29 & 30 octobre 2003 6
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[Ji? ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE
é CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517)

STRASBOURG, FRANCE

Basaltic e DN uclear glass

228k 1913

Crovisier 1985, 60°C , 120 days ¥ Curti, 2001 MW glass

Field

| palagonite layers

w ot

£/ Intergranular
Clays

GLASTAB Avignon, 29 & 30 octobre 2003
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ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE %

% CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517)
—

STRASBOURG, FRANCE

100000 —

10000 L

—
(=]
<
(=

~
o
L5
=
2
-

10 L

1 + ——be )
20000 100000 120000 140000

20000 40000 60000
SANV x 1 (em™ d)

Techer, 1999

GLASTAB Avignon, 29 & 30 octobre 2003
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UEE
—

ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE

Phs

CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517)

STRASBOURG, FRANCE

[a] 10000 ¢
E | ro=17 pm/1000y.
1000 | Non protective —$
’g C | alteration layer =$
- 100 + (Ds=10" m2/s)
v :
g 104 S
$ —
£ 14 continental
:':-) 4
§ 01 r=0,07 ym/1000y.
9 - Protective alteration layer
& 001+ 15 2
: (Ds=10™° m?/s)
0,001 . [ A" ——n0ge.(Ma)..
0,00001 0,0001. 0,001 0,01 0,1 1 10 100 1000
[b] 10000 - - .
H  ro=17 um/1000y. —F
1000 -; Non protective
g i alteration layer
& 100 % (Dg=10™ m2/s)
Q L 0O
£ 10+
2 £
= i .
2 I —© oceanic
£ ¥
& r=0,07 pm/1000y.
& oot L Protective alteration layer
B (D10 m?/s)
0,001 e e iy e o 0ge (Ma)
0,00001 0,0001 0,001 0,01 01 1 10 100 1000

Techer, 1999

GLASTAB Avignon, 29 & 30 octobre 2003
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% ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE
(%/, CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517) %
/ STRASBOURG, FRANCE

Iceland (sub-glacial)

Thickness of alteration layer (um)

10000000
VO experimental
1000000 (Crovisier et al,, 1987)
100000 130pm/1000years
10000
5
1000 VO/ 23 @O Old Samples

0,05um/1000years

100 V, /650 "

10 (zeolitized)
! Young Samples
0.1 0,2um/1000years

1 1 | i

1
100 1000 10000 100000 10° 107
Age (Years)

Le Gal, 1999

GLASTAB Avignon, 29 & 30 octobre 2003 10
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ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE %

ZZ
//// CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517)
”"——' STRASBOURG, FRANCE

Thickness of alteration layer (um)

10000000
1000000
100000 | ‘;7 Py
10000 1 (-
1000
100 2 /650
10 ;
! ”  Young Samples
0.1 0,2um/1000yea
1 1

[ ]
100 1000 10000 100000 1

Age (Years) =
Le Gal, 1999 WP1-1 and 2

11

GLASTAB Avignon, 29 & 30 octobre 2003
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ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE

E LA SURFACE (UMR 7517)

3G, FRANCE

Thickness of alteration layer (um)

10000000

1000000
100000

10000

V,/2500

1000
100
10

Old Samples
0,05um/1000years

(zeolitized)

WPI1-1 and 2

GLASTAB Avignon, 29 & 30 octobre 2003 12
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% ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE g%, ¢
/ CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517) RS

=

STRASBOURG, FRANCE

Chemistry of palagonite (Iceland)

50,00

45,00
Si02

%007 2000 years®

30,00 +
25,00 +
20,00 +

m
% 1500 ® Al203, Fe203

=. } : —!—ﬁ

0,10 0,30 o,;so 070
REACTION PROGRESS = T.R.Z. = k(t x SA/V)

0,10 0,20 0,30 0,40 0,50 0,60 0,70 0,80

REACTION PROGRESS = T.R.Z. = k(t x SA/V)

GLASTAB Avignon, 29 & 30 octobre 2003
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[ﬂ% ECOLE ET OBSERVATOIRE DES SCIENCES DE LA TERRE
/ CENTRE DE GEOCHIMIE DE LA SURFACE (UMR 7517) %

/

Conclusions

1) Basaltic and nuclear glasses
have the same activation energy

STRASBOURG, FRANCE

2) Alteration layers are observed on the surface
of both glasses

b the composition and properties of palagonite
vary with time

» palagonite has an effect on the long term rate

(natural glasses may survive for millions of years
under subsurface conditions)

3) Palagonite may form
by coprecipitation of solubilized elements
or by interdiffusion processes

GLASTAB Avignon, 29 & 30 octobre 2003
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Predictive Modelling of the Alteration of
Alpha-doped SON68 Glass and the

Radionuclide Leaching and Migration in
the CORALUS In-situ Test

M.Yu, H.Makino, Y.Yoshida,
T.Jintoku and T.Ebina

JNC-Tokai, Japan

Objectives

- Blind prediction before dismantling and analyses
- Application of Japanese models and database used for
H12 report

m glass : 1st order reaction rate + Si sorption on bentonite

W porewater chemistry : 1on-exchange, surface complexation
and dissolution of accessory minerals

| solubility : thermodynamic model by INC-TDB

W sorption : minimum, maximum, mechanistic modelling

m diffusion : effective diffusivity

m transport model : diffusion, sorption and decay in 1D

cylindrical geometry
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Case for Analysis for CORALUS Experiments

Casel(Module A) : reference case (25°C, 1st order reaction rate, Boom clay
porewater — solubility, sorption (minimum), diffusion
from H12, Si Kd low)

Case2( 1 ):Casel except for Si Kd high
Case3(Module B) : Casel except for Fo-Ca clay porewater — solubility
Case4(Module A) : Casel except for 90°C — glass dissolution rate

Case5( 1 ) : Casel except for sorption (maximum)

Case6( 1 ) : Casel except for porewater under consideration of
degassing — solubility

Case7( 1 ) : Casel except for sorption (mechanistic sorption of Am)

Experimental Design and Model of Geometry

Experiment Model
No.2:79mm
) No.3:125mm No.2:79mm
Nodgimm Nogggom <SSz,
No.2:34mm N°-3172'ﬂ‘ S By
No.3:52.5mm %, No.3:52.5myp

263mm 263mm

EARAD Surface was assumed to
| becovered with glass
(thickness 3 mm)

___________ 25x25x3 mm3,
Er e 1.

---------------------

— 214 —



JNC ZN8200 2003-002

Overview of Radionuclide Migration Code (MESHNOTE) I

Buffer Mixing Cell

Reservoir - (Excavation

(Hypothetical region) Disturbed Zone)
Vitrified Waste

Buffer
Material
Vitrified
Waste
Overpack

Design Geometry of EBS Analytical Geometry

Concept and Treatment of Reservoir Cell in MESHNOTE I

Buffer  Mixing Ceg
Reservoir B R
Glass 7.

,.::ﬂ g

2|3 & ifk]== 0 N2nI N Coll nuinber

o b o o % Fiar P By rais
v
A
(’——'__7 - - - ——‘-\
e Si Flux into Reservoir at 2.5 yrs Np-237 Concentration in Reservoir at 2.5 yrs
OE- . BE-05
I 7E-05 |
38E-03
:":* | - BE-05 [\ | N\
=] /| Reservoir = Np Sol. \
o i | 1
£ 36E-03 I Volume in E 558 695 | 1 N
— I / This Study S 4E05 | inThis [~ . \
= 34E-03 = Stud Reservoir
= [ / s 3E-05 2 Volume in
 — (] ~ .
N 32603 1/ — 2E-05 i / This Study
i f 1E-05 V/
3.0E-03 : i . 0.E+00 :
1E-10  1E-08  1E-06 1E-04 1E-02  1E:00 1E-10  1E-08  1E-08  1E-04  1E-02  1E+00

Reservoir Volume [m3] Reservoir Volume [m3]

— 2156 —



JNC ZN8200 2003-002

Glass Dissolution Models

Initial Stage

__________________________________

(D Congruent dissolution cck* (constant) IS{;ISJI?IZ i
. > (Cs, **) |
(2 Congruent dissolution cck*(1-C/C,) | Insoluble elements |
with Si transport in bentonite | (Actinides, ***) :

(3) Congruent dissolution ock*(1-C/C,)
without Si transport in bentonite

Long-term
* Congruent dissolution o g _ (residual reaction rate)
- Congruent dissolution of k*(1-C/C,)) combined with diffusion in the
altered layer
* Congruent dissolution of k*(1-C/C,)) for soluble elements and

incongruent dissolution of ken (1-— iy

) for insoluble elements
Co, rv )

Glass Dissolution Model and Parameters I

Glass Dissolution:

R=Axk'1-5
ik
R : Glass Dissolution Rate [g/d]
A : Surface Area of Glass [m?]
k* : Initial Glass Dissolution Rate [g/m?/d] (=Next Slide)
e :Concentration of Dissolved Silica [mol/m?]
C : Solubility of SiO2 (am) [mol/m?] (3.5 [mol/m?] )

Dissolved Silica Migration through Clay Material

- Diffusion through Clay Material <— Dp [m?/s] and Porosity
- Sorption on Clay Material +« Kd [m3/kg] (=>Next Slide)
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Parameters used in Glass Dissolution Model I

k*Te/m?/d]: Initial Glass Dissolution Rate

Tube?2: 0.0075 [gMQ/mz/ d] obtained by E-mail
Conversion using 45.48wt% of SiO, in glass
0.017 [g of glass /m?/d]

Tube3: 1.1 [g of glass /m?/d] at pH7.4
Derivation using the equation obtained by E-mail and
conversion using Si0, wt% in Glass

Kd [m?*kg] : Sorption on Clay Material

Casel and Cases 3-7 : 0.01 [m¥/kg] [1][2]
Case2 0.5 [mi/kg] [2]

[11Karel Lemmens et al. (1996); The Corrosion of Nuclear Waste Glass in a Clay Environment :
Mechanisms and Modelling, R-3092, Mol.

[2] Enzo Curti et al. (1993); Enhancement of the Glass Corrosion in the Presence of Clay Minerals : Testing
Experimental Results with an Integrated Glass Dissolution Model, Mat. Res. Soc. Symp. Proc. Vol.294.

Porewater Chemistry

- Porewater modelling has two steps.
1) EG/BS water modelling to derive Eh
2) Porewater modelling

- Code and TDB
Code : PHREEQC ver. 2.3 (Parkhurst. D.L., 1995)
TDB : JNC-TDB (Yuietal., 1999)

- Constants (JNC, 2000) based on Japanese bentonite, Kunigel V1
® Jon exchange reactions, K : Gaines and Thomas selectivity coefficient

2ZNa + Ca?* =Z,Ca + 2Na* logK ;= 0.69
ZNa + K*=ZK + Na* logK o7 = 0.42
27ZNa + Mg?** =Z,Mg + 2Na* logK o = 0.67
ZNa+H"=7ZH + Na* lOgKGT =1.88

= Surface complexation reactions
Surf_sOH + H* = Surf_sOH,* logK(+) = 5.67

Surf sOH = Surf sO- + H* logK(-) =-7.92
Site concentration 6.5e-5 mol/g
Specific surface area 29 m?/g
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Modelling of Porewater Chemistry

- Focal parameters : pH, Eh, HCO;, Si

®* Module A (Case 1, 2,4, 5 and 7)
Density : 1.88 kg/l, porosity : 0.296, CEC 2.27e-1 eq/kg (SCK-CEN, 2001)

- Equilibrium with calcite and pyrite
- Ion exchange and surface complexation reactions of Boom clay

® Module B (Case 3)
Density : 1.88 kg/l, porosity : 0.296, CEC 7.1e-1 eq/kg (SCK-CEN, 2001)
- Equilibrium with calcite and gypsum
- Ton exchange and surface complexation reactions of Fo-Ca clay

= Module C
Density : 1.62 kg/l, porosity : 0.327, CEC 7.1e-1 eq/kg (SCK-CEN, 2001)

- Equilibrium with calcite and gypsum

- Ton exchange and surface complexation reactions of Fo-Ca clay

- Glass dissolution and SiO,(am) precipitation (to be consistent with
measured B concentration)

= Additional case (Case 6)
Degassing of CO,(g) was additionally included for each module.

Mineral Composition of Backfill Materials

Kunigel-V1 JNC (2000) [wt%] | Boom clay SCK-CEN (2001) [wt%] | Fo-Ca clay SCK-CEN (2001) [wt%)]

Smectite 46- 49 10-20 40 - 50
Montmorillonite FeMg 30
Beidellite FeMg 40
Beidellite Fe 30

Tllite 20-30

Chlorite 5-20

Illite / smectite mixed layer 5-10

Chlorite / smectite mixed layer 5-10

Kaolinite 20-30 50 - 60

Quartz 0.5-0.7 20 5-7

Chalcedony 37-38

Feldspar 2.7-55

K-feldspar 5-10

Calcite 2.1-2.6 ) present 1.2-1.6

Dolomite 2.0-2.8 present

Siderite present

Ankerite present

Analcime 3.0-35 present

Goethite 5-7

Hematite 0.2

Gypsum 0.4

Pyrite 0.5-0.7 1-5

Organic carbon 1-5 0.1
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CEC and Initial Cation Distribution

Kunigel-V1 Boom clay Fo-Ca clay
JNC (2000) SCK-CEN (2001) | SCK-CEN (2001)
CEC [meq/100g] 60.1 22.7 71
Initial cation
distribution [eq %]
ZNa [eq%] 86 37 5
Z,Ca 12 85
7K 1 16
Z,Mg 1.2 48 9
Results of Porewater Chemistry Modelling
EG/BS Module A Module B Module C
water
Measured | Measured | Calculated | Calculated | Measured | Calculated | Calculated | Measured | Calculated | Calculated
(average) (Degassing) | (average) (Degassing) | (average) (Degassing)
pH 8.2 7.8 7.425 | 8.298 8.3 6.626 | 7.510 7.8 6.644 | 7.370
B 274 | 300 | 229 | 293 | -280 | -147 | 209 | -60 | -148 | -199
C |14e-2|1.1e-2| 3.8¢-2 | 2.9¢-3 | 3.0e-3 | 7.1e-3 | 5.1e-4 | 1.8e-3 | 6.8e-3 | 7.2e-4
Ca | 1.0e-4 | 7.4e-3 | 2.5¢-4 | 3.4e-4 | 6.3e-3 | 1.4e-2 | 1.8e-2 | 1.0e-2 | 1.4e-2 | 1.8e-2
Fe | 16e-5]77e5| 1.2e-7 | 5.2¢-8 | 3.1e-5 | 1.6e-5" | 1.6e-5" | 7.2e-6 | 1.6e-5" | 1.6e-5"
K 129e-4|4.5¢-3| 85e-3 | 9.9e-3 | 6.1e-4 | 8.5e-4 | 1.0e-3 | 6.0e-4 | 8.5¢-4 | 1.0e-3
Mg | 1.2e-4 | 6.8¢-3 | 3.6e-3 | 4.1e-3 | 6.8e-4 | 1.5¢-3 | 1.9¢-3 | 6.7e-5 | 1.5e-3 | 1.9¢-3
Na |1.8e-2|8.6e-2| 5.0e-2 | 5.7e-2 | 2.2e-2 | 1.1e-2 | 1.2e-2 | 3.5e-2 | 1.0e-2 | 1.2e-2
S |2.1e6|44e-2| 2.4e-7 | 1.0e-7 | 1.3e-2 | 1.9e-2 | 1.5e-2 | 1.8e-2 | 1.9e-2 | 1.5e-2
St | 1.8e-4 | 3.6e-4 | 1.8e-4" | 1.8e-4" | 4.2e-4 | 1.8¢-4" | 1.8e-4" | 2.6e-3 | 1.9e-3 | 1.9¢-3
Case Case 1, 2, Case 6 Case 3
4,5and7

* Not modelled
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“Solubility

Solubility limiting solid phases : amorphous or hydroxide
Code : PHREEQC (Parkhurst, D.L., 1995)
TDB : INC-TDB (Yui et al., 1999)

Module A Module A Module B Module C
(Degassing)
Np Solid NpO,(am) NpO,(am) NpO,(am) NpO,(am)
Dominant species Np(OH),(CO,),> Np(OH),(CO,),* Np(OH),(CO;),* Np(OH),(CO,),*
Solubility 6.9¢e-8 4.2e-10 1.4e-9 1.3e-9
Pu Solid PuO,(am) PuO,(am) Pu0O,(am) PuO,(am)
Dominant species Pu(CO,),, PuCO;* | Pu(CO,),, PuCO,", PuCO,"*, Pu** PuCO;", Pu*
Pu(OH),"
Solubility 9.9e-7 2.4e-9 1.2e-7 1.2e-7
Am Solid AmOHCO;(cr) AmOHCO(cr) AmOHCO;(cr) AmOHCO,(cr)
Dominant species Am(COy),, Am(CO,),, AmCO;*, Am** AmCO,*, Am**
AmCO;* AmCO.%,
Am(OH),*
Solubility 1.7e-8 2.0e-9 4.9e-8 4.7e-8
Modelling case Case 1,2,4,5and 7 Case 6 Case 3
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De setting

Sb,Bi

UseDe il
PA (tamperature «
correction to S9C)

Use Deqsion) in

Mhm

Use Degroy in i Pu, Np, Tc, Ra,
PA (tempersiure § Sn, Zr, Sm, Am, e/
cotrection te $3°C) 1 U, Nb, N1

Kd=-oADa,1 "E)

Procedure to Select Kd Values for H12 Report
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Kd Values for H12 Report
Kd Values
3
element (m/kg) Remarks
min. max.
Np 1 50 | Diffusion data under reducing conditions exist.

Diffusion data under reducing conditions do not exist.

Pu 10 100 Kd is much larger than other actinides.

Diffusion data exist.
Mechanistic modelling is possible.

Cs 0.01 0.05 | Mechanistic modelling is possible.

Mechanistic Sorption Model for Am and Cs (1)

- Kd values for Am, Cs were calculated based on ion exchange / surface
complexation model for module A and B

- Code and TDB
Code : PHREEQC ver. 2.3 (Parkhurst. D.L., 1995)
TDB : JNC-TDB (Yui et al., 1999)

~ Results

= Sorption coefficient for Am

Module A : 3.4 m¥/kg
Module B: 5.0 m¥/kg

= Sorption coefficient for Cs

Module A :  6.2e-2 m¥/kg
Module B: 1.5e-1 m¥/kg
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Mechanistic Sorption Model for Am and Cs (2)

- Constants
= Jon exchange reactions, K : Gaines and Thomas selectivity coefficient
27ZNa + Ca** = Z,Ca + 2Na* logK;r =0.69 JNC(2000)

ZNa + K* = ZK + Na* logKgp =042 INC(2000)
27Na + Mg =Z,Mg+2Na*  logKs, =0.67 JINC(2000)
ZNa + H* = ZH + Na* logK; = 1.88  JNC(2000)

2ZNa + Am** = Z,AmOH + 2Na*logKs; =-2.6 Lothenbach and Ochs (2000)
3ZNa + Am* = Z,Am + 3Na"  logKy; =2.28 Lothenbach and Ochs (2000)
7ZNa + Cst = ZCs + Nat logKsr = 1.60 Lothenbach and Ochs (2000)

= Surface complexation reactions
Surf_sOH + H* = Surf_sOH,* logK(+) = 5.67 INC(2000)
Surf_sOH = Surf_sO- + H* logK(-) =-7.92 INC(2000)

Surf_sOH - H* + Am?** = Surf_sAm?*
logk =0.23  Lothenbach and Ochs (2000)

Site concentration 6.5e-5mol/g  JNC(2000)
Specific surface area 29 m?/g JNC(2000)

- -8 HTO
;m 10 E"l - i i A il R i 9 e
E i A Nizh
o il % S+
a 10 E Anf*
br F O To;
5 10l A vNpoco,
% 10 4 AVAR-TR
B (adl| X o
'E 10 3 it O
- : fid V¥ cor
3 1012 ! @ ]

@ E 3
. =
§10-13....|...‘|,...1,.,.1.

0 0.5 1 1.5 2 25
Dry density of bentonite [Mg m> |

Effective Diffusion Coefficients
as a Function of Bentonite Dry Density under Oxidizing Conditions
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Transport Parameters for Each Case

Case
1 4

Module/Tube No. A/2 _ A/3
Temp. (°C) 30 90

Item

Solubilities Am | 1768 4.9E-8 2.0E-9
(mol/1) Pu | 9957 1.2E-7 2.4E-9
Pa | 1.1E-8 1.1E-8 1.1E-8

Np | 6.9E-8 1.4E-9 4.2E10

(Cs | soluble soluble Soluble

Am 10 50 3.4
10
1
i

Porosity
Dry

Density 2890
(kg/m?)

Glass k*
(g/m?/d)

Solubility
(mol/T)

. Kd
Si | kg | 001 | 0

Dp
(m?/s)

tonite

0.017 1.1

3.5E-3

2.9E-10
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Geometry, Volume, Weight for Each Case

Case

Buffer Geometry
(Height/Inner/Outer)

Number of cell

Mixing cell flow
(m’/y)
Mixing cell volume
(m?)

Glass surface area
(m?)

Glass volume
(m?)

Glass weight
(2)

Initial amount of Si
(mol)

Reservoir volume

(m?)
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Concentration Profile at 2.5 years

<Np Dope Glass : Np237>

Reservoir = Glass Surface '

Total Concentration [Bq/m3]

Total Concentration [Bq/m3]

1.00E+18
1.00E+16
>1.00E+14
1.00E+12
1.00E+10
1.00E+08
1.00E+06
1.00E+04
1.00E+02

1.00E+00

_ Results : Solubility dominates
Casel Precipitation of Np

® Case01 Reservoir

Case02 Reservoir
A Case03 Reservoir
» Case04 Reservoir
Case01

Distance [mm]

Concentration Profile at 2.5 years
<Np Dope Glass : Np237>

Reservoir = Glass Surface

— Case2: No significant change from Casel Case02
1 Case3: Drop of profile by decrease in solubility C:se03
& Case4: No significant change from Casel - Case04
— 1E-02 1 o
e - oo
= . 1 T [
- ~ . —
\ N\\; g oo ! \\\
\ S = .
n i
\\\ i
L I \\ L l
‘ - 2.5
0 5 10 15 20 " o:.szl—yv 1E+01 1E+02
Time (year)

® Case01 Reservoir

1.00E+18 . .

Results: Glass dominates in Case5 and Case05 Reservoir
1.00E+16 solubility dominates in Case6 4 g:::gg’ Reservoir
1.00E+14 Casel Pre01p1t§t19n f)f Np Case05

Case5: No Precipitation and less progress Case06
1.00E+12 ¢ due to higher sorption
1.00E Case6: Drop of profile by decrease in solubility

00E+10
100ES08
1.00E+06 \\\
1.00E+04 \\
1.00E+02 \\
1.00E+00 : : NN ' :
0 5 10 15 20 30

Distance [mm]
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Concentration Profile at 2.5 years
<Am Dope Glass : Am241>

Total Concentration [Bq/m3]

Total Concentration [Bq/m3]

Reservoir = Glass Surface

1.00E+18

100E+16 |

1.00E+14
1.00E+12
1.00E+10
1.00E+08
1.00E+06
1.00E+04
1.00E+02

1.00E+00

® Case01 Reservoir

‘ ] . . Case02 Reservoir
~ Results: SO'II.J.bIhW dominates A Case03 Reservoir
w Casel Precipitation of Am ~ Case04 Reservoir
A Case2: No significant change from Casel Case01
N Case3: Rise of profile by increase in solubility gaseg§
‘ P ase
AN :
\ \Case4 No significant change from Casel Case0d
\
1 \L 1 1 1
0 5 10 15 20 25 30

Distance [mm]

Concentration Profile at 2.5 years
<Am Dope Glass : Am241>

Reservoir = Glass Surface '

1.00E+18

1.00E+16

1.00E+14

1.00E+12

1.00E+10

1.00E+08

1.00E+06

1.00E+04

1.00E+02

1.00E+00

Results: Solubility dominates

Casel Precipitation of Am 1

Case5: Less progress due to higher sorption

® (Case01 Reservoir
Case05 Reservoir|
A Case06 Reservoir
Case07 Reservoir

Case6: Drop of profile by decrease in solubility Case01
Case7: More progress due to lower sorption Case05
Case06
Case07

15 20 25 30

Distance [mm]
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Concentration Profile at 2.5 years
<Pu Dope Glass : Pu238>

Reservoir = Glass Surface

Total Concentration [Bg/m3]

Total Concentration [Bq/m3]

[ @ Case01 Reservoir

Distance [mm]

Concentration Profile at 2.5 years
<Pu Dope Glass : Pu238>

Reservoir = Glass Surface

100E+18 Results: Glass dissolution rate dominates Case02 Reservoir
; . .. .- A Case03 Reservoir
- 100e+16 —— Casel No Precipitation of Pu Case04 Reservoir
100E+14 Case2: No significant change from Casel Case01
’ Case3: No significant change from Casel Case02
100e+12 ~—— Case4: Rise of profile by increase in dissolution rate Case03
O | Case04
1.00E+10 \
1.00E+08 T
1.00E+06 \
1.00E+04 \
1.00E+02 \
1.00E+00 : \—! : : :
0 5 10 15 20 25 30

1.00E+18

. . ® Case01 Reservoi
Results: Glass dominates in CaseS and c voir
100E+16 ——— s . - — ase05 Reservoir
solubility dominates in Case6 A Case06 Reservoir

1.00E+14 Casel No Precipitation of Pu — gaseg;

A CaseS5: Less pro i i ase
100E+12 progress due to higher sorption Case06

Case6: Precipitation due to decrease in solubility

1.00E+10 \i\

1.00E+08 Iy \\ )

1.00E+06 \\

1.00E+04 \\

1.00E+02 \\

1.00E+00
0 5 10 15 20 25

Distance [mm]
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Concentration Profile at 2.5 years
<Am Dope Glass : Cs137>

Reservoir = Glass Surface I

1.00E+18
Results: Glass dissolution rate dominates ¢ Case01 Reservoir
1.00E+16 —— Casel Break th h Case02 Reservoir
ase rea' t.roug Case04 Reservoir
= 100e+14 — Case2: N_o significant chapge from Ca§e1 . Case01
E Case4: Rise of profile by increase in dissolution rate Case0?2
g 1.00E+12 Case04
c
S 1.00E+10
i
E 100408 [ m e
3 leo e . .
S  100E+06 & \
5
©  1.00E+04
-
1.00E+02
1.00E+00 : ' : : : l
0 5 10 15 20 25 30
Distance [mm]
Concentration Profile at 2.5 years
<Am Dope Glass : Cs137>
Reservoir = Glass Surface |
WV
1.00E+18 ]
100E+16 b— Results: Glass dissolution rate dominates | @ Case01 Reservoir
Casel Break through g::ggf Reservoir
= 100E+14 — . f o —]
g Case5: No significant change from Casel Case05
g 100E+12
=
S 100E+10
i
£ 1.00E+08
g = -
S 100E+06 @ ‘ AN
s
S 1.00E+04
1.00E+02
1.00E+00 : : ' : :
0 5 10 15 20 25 30

Distance [mm]
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Discussion

1. Porewater chemistry :
- Surface characteristics of clay minerals in buffer material are needed .
- Analyzing of porewater chemistry outside the system should be
corrected based on geochemical modelling.

2. Glass dissolution :

- Alteration diffusion barrier should be included.
- Incongruent dissolution for insoluble element, e.g., actinides has to be
discussed.

3. Solubility :
- Real solubilities are needed in highly compacted bentonite by both
modelling and diffusion measurement.

Discussion
4. Sorption :
- Relevant diffusion studies should be reviewed to derive real Kd
values.

- Mechanistic sorption modeling is not possible for Pu, Np due to a
lock of data for actinides (IV). If reducing condition is confirmed, Kd
values for Pu are the same as those of Am (I1I) because Pu redox state
is likely III.

5. Diffusion :

- Mechanistic prediction of effective diffusivity for each element is
possible if the porewater chemistry is confirmed.

6. Initial / Boundary Condition :
- Experimental geometry is very complex and sampling / analysis is
needed not to be affected by another glass samples.
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Conclusion

- Blind predictions before dismantling and analyses have
been conducted by using H12 models and database, but
it’s likely sensitivity analysis.

B S1 sorption on bentonite not significant

M glass dissolution rate not so sensitive even if no precipitation

M solubility limit for Am, Np, but not for Pu, Cs

m Cs profile almost breaked through

M actinides migration detected up to 5~10 mm after 2.5 yrs,
but strongly dependent on detection limit

CORALUS Meeting
October 30, 2003

w JNC Topics Related to
CORALUS Project

K. Kawamura and M. Yui
JNC-Tokai
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e

® Dominant Reaction
- Mineral equilibrium (e.g. chalcedony, calcite, pyrite)
- lon exchange of smectite
- Protonation/deprotonation of smectite

m Difficulties in Experiments

- Application of model derived from batch type experiments
to highly compacted bentonite system
(microstructure effects on porewater chemistry)

Equivalent fractions (K, Mg, Ca) in solid

1 ! i1 - Thermodynamical expression
| * & . (Gaines & Thomas,1953)
e 1 T i ¢ successfully covers the experimental
BE 3 _O_ :\szK= 067 | O:/V isotherms for exchange reactions
s Ca ;/ of Na-K, Na-Mg and Na-Ca.
= Ll i —-__:" -Selectivity coefficients are derived:
dli logKG&T(Na-Ca)= 0.69

02 <
e B o™ logKG&T(Na-Mg)= 0.67

-

4 = — 3 102 logKG&T(Na-K)= 0.42

Activity(K,Mg,Ca) in Solution

Experimental conditions:
the liquid/smectite ratio 100ml/g, the reaction time 48hrs,
the 1onic strength 0.1, at room temperature
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Model calculations
11
[ 0 V¥ The pH trends with B/L can be
Lo T W reproduced qualitatively by the
. model including the edge sites
L T WV It is suggested that the surface
. easmens: ] 40 o Bt ] deprotonation is one of the most
s i AT\ " i .
8 TabDw | R dominant reactions at high B/L.
'O OSM NaC| \'\ A\() . &
l [0 Cementsolution ~ + *~.| ' | ¥ The model, quantitatively, tends
7 & Compacteariow ; ) to estimate pH even lower at higher
(P Compacted/0}35-NaCl | :
[ [J Com aacted/cllament—sci’:lution B/L
6 FEERTET) Lo asain R RETE] PRI Lo arien
07 109 10" w2 10® 0t
Bentonite/Liquid [g/1]

, ThO,(am)

log(Crn/mol-kg')

1
ThO,(am—»cr),90°C
o Set |, 76d \
4 Set I, 52d X
+ Set lli, 75d Y

— — model

ThOgcr),90°C
e SetV, 12d
— model

4 5 6

pH

Experimental ThO,(am—cr) and ThO,(cr) solubilities in 0.1M NaCl at 90°C.
ThO,(am—cr) data are for sample Sets | to Ill that were originally equilibrated
at 23°C and then equilibrated at 90°C. The lines represent predicted solubilities
of various Th solid phases. ,
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e BT

1.E-06
' @® 1ist
A 2nd
3 = 2nd(ND)
%‘ 1.E-07 —@
E r
i3
o
:
: 4 :
€ 1.E-08
Q —
o
1.E-09
0 1 2 3 4
Aging period (month)

Se concentration as a function of time in two types of experiments
(1st: with bentonite, 2nd : Fe-Se system , ND means detection limit of ICP-MS)

E l JNC
| * rdl

107 E

B :

10°F v Solubility of PuO,(am) 7
~~ E X -
! = b %k\ ¥ z 1
510* & oo &
e \\\ & : N
E10° N
}é 1 \\\‘ xx\.\ . i
210° %
T =
5 \\\ \\. N

U L S ~ -
o
-10'- 1 i 1 1 1 1 1 1 1 L 1 1 I\sl 1 L I\I i ]
Ll 4 6 8 10 12

@ ; Experimental results of leaching experiment with crushed Pu-doped glass
»; Solubility Measurements of PuO, (am) (Rai et al. 1980)
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[ = ===

log
I (Gw/mol kg')

1 ¥ elution ratio of colloids . §
R effluent volume =
08 800 =
)
L - [q']
06 X4 600 &
g
O o04r 8‘3’3% -[400 é
o2k &8 4200 £
(]
0 S22 0 E.

0 20 40 60 80 100 120

time/days

C : Eluted colloids concentration
C, : Injected colloids concentration (70ppm)

Fig.
Colloid filtration by compacted sand-bentonite mixture containing S0wt.%
sand and saturated with 0.5M NaCl solution at dry density 1800kg/m?
(Kurosawa S, et al., 1996)

— 236 —



JNC ZN8200 2003-002

5.5 44 4 )LHEEDT—4 R— 2 2

— 236 —



JNC ZN8200 2003-002

Information of JNC TDB/SDB WEB site

A JNC-DataBase — Microsoft Internet Explorer

TAME BED BRW BRCAN® Y-R@ ARTE v
Om- O REG Lo fomn @50 @35 8- L@
7EL7 0 B hip/mirationdb jnc g0 p/ T B s * @

Last Up Deled £003/05/01 A

 HAOLHE B0 - W Fss-R |
}JNC— Thennoa’ynamfb & JNC-Sorption DataBase

*'74}|1!§E§V’lluﬁﬁ’iﬂﬂ!&bkﬁ®‘(ﬂ)‘)i'ﬂ' RE. *'?'fl-!..if,lﬂ?n‘fuéﬁ]%
VAR T — 5512, JFEHEOICIRY. BHEE-TIHRBIZ

%om:!mhourlz AEETHARERSELETOT, J!?h"’&l!‘)&'ﬂ:ob!i

LEL hfEd.

This website s operated tentathely. At present, the Information and data in this website

is available for use, free of charge, provided that it is used for non—profit purpose.

In the future, there is the possibility that downloading will not be permitted, free of

r.hame Yaur kind attention will be appreciatad

ZOT A, FL—LIFHELILTSY TERRILTOET . |
- LFRAGO TSV TESROOBIL. SFBRTINAGIREATL THSBET e |
L |
<> |
FARILA : SVRA 800 x S0, NANI5— WWinibdk. Maci 3% &) LIE
“FSOF  :IE5x NG4Tx LLE

If your browser canrpt accommodate this formet, you will rot be able ta view this website.
In this case piease try again using an updated version of your browser.
£ Recommended Environmental >
« Display © SYGA B00 x 600 pixels), High Calor Oin : G4k, Mac - 3% color) or better
« Browser : JESx, NC4.7x or higher

Copyricht ©2003 {ERET2ILMRANR
Copyright ©2003  Japan Nuclesr Gycls Davalopmant histitute. All right ressrved.

Bl A-IHERENRLL L e

. |
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JNC Thermodynamic and Sorption
Database (JNC TDB/SDB) website
is open to the public (1% of August
2003).

The address of website is
http://migrationdb.jnc.go.jp/.

JNC TDBs are available for the
Geochemical codes PHREEQE,
PHREEQC, Geochemists’ Work
Bench and EQ3/6.

Before downloading any database,
you need registration to use the
database.
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ER 2161

THE MATERIAL

INTRODUCTION TYPICAL CHEMICAL
COMPOSITION
Fez03 + MgO Ca0, Ti0O:
2,4% <0,2%

Fused cast material with Alumina-
Zirconia-Silica-Chromium Oxide.

Using the RT casting process, this
material makes rectangular shapes
or other simple shapes.

) TYPICAL

ER 2161 can be used with pratica-  CRYSTALLOGRAPHIC
ly all colored, flint or white glass. ~ ANALYSIS

In the case of special glasses,

please contact the SEPR Sales _ Amorphous
EnginF_-ers. silicated pzhggz

Solid solution
Al03 - Cr203

53%
PHYSICAL CHARACTERISTICS
TRUE SPECIFIC GRAVITY 4110 kg/m?
COLD CRUSHING
AL A 35.108 Pa (3500 kg/crn?)
REFRACTORINESS UNDER > 1750°C
LOAD OF 2.105 Pa
36
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BEHAVIOR IN USE

CORROSION RESISTANCE RATINGS IN THE PRESENCE
OF VARIOUS GLASS COMPOSITIONS:

A B G D
ER 1681 100 100 100 | 100
ER 1685 110 110 110 110
ER 1711 130 130 130 130
ER 2161%* 340 380 . >300
ER 1195 500 | 300

A: SODA-LIME GLASS at 1550°C
Results obtained from PFT laboratory tests (see p. 8 and 9)

B: INSULATION FIBER GLASS AT 1500°C
Industrial results

C: HARD BOROSILICATE GLASS AT 1550°C
Industrial results

D: OPAL-FLUORIDE GLASS AT 1550°C
Industrial results

=*nb: risk of coloration in extra white glass.

BLISTERING STONING
Blistering rating in soda-lime glass ~ Stoning rating in soda-lime glass
at 1100°C: 4. at 1450°C: 1 to 2.

37
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Monofrax K-3 and E offer the best corrosion
resistance of any fused cast refractory. Due
to the coloring potential of the chrome con-
stituent, these materials are recommended
for select applications. Regular cast and void
free are available casting techniques for
Moriofrax K-3, whereas Monofrax E is
available in void free castings.

Typical Physical Properties

K-3

BuUIk DeNSity.....cvererrerernierrnnnnn...258 I/ (4.13g/cm?) -
ADPArENt POTOSItY.....cvcvveveverireiieeriveseeeseessicsissenes 10%
E

Bulk DENSity......occveverevneiriveernnene 288 Ib/ft* (4.61g/cm?)
ADPArent POrOSIY.........ccocecuivrvieerierenierieeeseseesennnns <1%

Recommended Block Dimensions

K-3 Regular Cast, EPIC-3 E EPIC-3
Thickness Width Length Thickness Width Length
3"(75) 10"(250) 15"(380) 3"(75) 9"(225) 12"(300)
4”(100) 12"(300) 18"(450) 4”(100) 10”"(250) 16"(400)
5"(125) : 13”(325) 4"(600) 5"(125) 11"(280) 20"( 00)
6"(150) 14"(350) 28"(700) 6"(150) 12"(300) 24"(600)
7"(175) 5"(380) 32"(800) 7"(175) 13"(325) 28°(700)
8"(200) 16"(400) 36"(900) 8"(200) 14"(350) 32"(800)
9"(225) 16"(400) 40"(1000) 9"(225) 14"(350) 36"(900)
10"(250) 17"(425) 45"(1125) 10"(250) 5"(380) 40"(1000)
12"(300) 18"(450) 54"(1375) - 12"(300) 1 6"(400) 48"(1200)
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‘Monofrax refractories are manufactured by fusing oxide minerals
“in an electric arc furnace and pouring into molds. The resulting
properties provide excellent resistance to erosion and corrosion

in contact with molten glass and insulation in superstructure appli-
cations. Contact Monofrax’s experienced applications engineers
for specific information about your application.

Typical Chemistries (%)

ZrOo AloOg SI02 Na>O CroOg MgO FesOg Other
CS-3.errrreennn C 7/ N 49, .. 16, <2 e e e, trace
CS-4....ee 36..ccciiiinnns 48 ... L R <2 e — e trace
CS-5..cevvirrenn, 40, 46 v, 13 P3P e, s e trace
Zuoirviiieeieinnianns (1 TUURTORO T, Siveivnnnin trace...........: e e T TTTPRORn trace
M e 17 SRR | PRI 4ouiniiinnn., e e TTTTR el trace
| IO e O3 . B - T . trace
K3, T [51< T 2 trace............ 28.iiiiiiins s L TR B.cvrrrereennnutrace
Eeovreeee e, e S TS 2 trace...cooouun, TBeirreeeennne B Beerrreerrinn frace

.........

Linear

Bulk Apparent Change MOR Cold Crushing
Density Porosity Under Cold? Hot® Strength?
Ib/1t3(g/ecm3) % Load %'’ psi(kg/cm?2) kpsi(kg/cm?2)
CS-3...cceveenn 238(3.81)uccvveenee. <, (6 JEUT 9700(680)............ 930(85).....veevenn 48(3370)
CS-4.............. 244(3.91)............... L3 PO (6 U 8600(605)............ 990(70)...............:47(3300)
CS-5....vee. 248(3.97)..cccuvenne.. <iervriiann, <+, 10200(720)...... .. 1120(79)...cccvv v 49(3450)
Zveieiaaviinnnn, 332(5.32)..cccccvnnnn . Ocevviinnn, P 11700(825)........... 640(45)................45(3160)
Mo, 219(3.51)cciciiee, T e (6 3800(270).......... 3270(230).....0veennns 33(2320)
Heerereiis 209(3.35).cccvernnen, 2, (6 [T 600(42)............ 1130(80)........... e 9(635)
K-Baiiee s 258(4.13). v, 3 [0 N O, 6300(445)......... 4540(320).............. 28(1970)
| =STRR . .288(4.61)...ccccvn... L3 P <o ‘....480-0(340) .......... 3525(248).............. 30(2110)
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Typical Thermal Conductivity

£
E
3
o
2
°
=1
°
[
o
6]
1
0
°C 0 500 1000 1500 2000
F 32 932 1832 2732 3632
Temperature
4
Typical Thermal Expansion
Refractoriness Under Load
2.0
e 18
[
o
=4
g
5 10
]
Q@
£
- o5
°C o.oo 400 800 1200 1600
°F 32 752 1472 2192 2912
Temperature.
Typical Electrical Resistivity
10,000 < 3937.0
A ¥
7,000 —\ 2755.9
AV N ]
5,000 % NN 1968.5
3,000 \\L\\\\\ 1161.1
2,000 787.4
Ys—a \\
1,000 —\ au 393.70
‘\ ‘\‘\ ‘\
700 \‘ ANV \\ \\ 275.59
n
g 500 N \C \C 196.85 c
: N £
E 300 118.11
£ £
&' os+
100 A\ h-Z(0C| 39.37
A ¥
70 27.56
A\ N\
50 T 19.69
RN
30 v \ vy 11.81
20 N\ 7.87
\ N
10 E_IH 3.94
C 500 700 900 1100 1300 1500 1700
°F 932 1292 1652 2012 2372 2732 3092
: Temperature
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Corrosion Rate (% volume lost)

S

°F

70

60

50

Corrosion Rate vs. Temperature
(Soda-Lime Glass)

/| L7
/
7
——1
l K-3
1450 1475 1500 1525 1550
2642 2687 2732 2777 2822
Température

1 DIN-51053, 29 psi, 100 hours
2ASTM C-133

3 ASTM C-583, 2750F, 3 hours
4 ASTM C-832, 29 psi



