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CIEMAT laboratory experiments = [l

BELBaR,

Benchmark tests results

Nanocor® » FEBEX

EROSION Experiments

Laboratory prepared colloids
Characterization: Size,
charge, stability

Clays AN
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COMPARISON
PROCESSES <; j>
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Stability

- Mixtures behavior
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Benchmark Set-Up R

Erosion Benchmark test (configuration Tim Schatz)

« Comparison: Nanocor®: Na purified montmorillionite

FEBEX (Spain): Ca- Mg bentonite

19 mm
- Compacted clay at 1400 kg/m3 5 5 Nanocor®: 4.64 g; H 16.9%
- Pre-saturated in NaCl 103 M i FEBEX: 4.52 g; H 13.9%

Artificial fracture

\ \17 x 17 cm?2
{0 Aperture: 0.1 mm
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Benchmark Set-Up
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Benchmark Set-Up

. BELBaR,

Phase 1: Stagnant conditions (30 days with NaCl 10-3 M)

 Pictures

- Extrusion distance as a function of time
6 « Diameter increment (t)
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Phase 2: Low Flow conditions (14 days) 10° m/s with NaCl 103 M

Phase 3: High Flow conditions (14 days) 104 m/s
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Benchmark Test Results: Ph1l - B

Phase 1: Stagnant conditions (30 days with NaCl 103 M)

. ti_} GOBIERNO  MINISTERIO
) & DE ESPANA DEECONOMIA
. o . _» e e . Y COMPETITIVIDAD
Physico-Chemistry of Actinides and Fission Products Unit E | |




Benchmark Test Results: Ph1l - B

Phase 1: Stagnant conditions (30 days with NaCl 103 M)

Different gel characteristics
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Benchmark Test Results: Ph1l - B

Phase 1: Stagnant conditions (30 days with NaCl 103 M)

Different extrusion behavior
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Benchmark Test Results 4

" BELBaR,

Phase 1: Stagnant conditions (30 days with NaCl 103 M)

NaCl 10° M - Stagnant conditions
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5

. Benchmark FLOW conditions I

Phase 2: Low Flow conditions (14 days)

Phase 3: High Flow conditions (14 days)

 Periodical sampling
of eluted water

Analyses of mass

LA
Flow g © loss (mobilised)
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« Photon Correlation Spectrometry (Concentration, Size)

 Turbidity analyses (concentration)

« FINAL POST MORTEM (extruded mass - mass balance)
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Benchmark FLOW conditions - B

BELBaR,

« Photon Correlation Spectrometry (Concentration, Size)

3000
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_ Benchmark Test Results - Flowl &

_
Phase 2: Low Flow conditions (14 days)

1.4 g/cm’; NaCl 10° M
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NANOCOR - 30+15 days

Benchmark Test Results - Flowl

v “
- EURATOM_ -
A "

Extrusion increment (30 + 15 days)
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 Benchmark Test Results - Flow 2 -

BELBaR,

Phase 2: High Flow conditions (1 day - SO FAR)

FLOW 2
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Benchmark Test Results — Size A

BELBaR, e

Low Flow conditions (15 days) High Flow conditions (1 day — SO FAR)
1.4 g/lcm®; NaCl 10° M 1.4 g/lcm®; NaCl 10° M
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_.Former Results (NaClO4 5:-104 M) »a

_
High Flow conditions: FEBEX clay
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Benchmark Test Results b a

BELBaR, ‘

% Erosion - extrusion behavior of natural FEBEX is not fully
comparable to that of purified Nanocor (Na-bentonite).

% At low flow rate erosion is comparable, but lower at higher
flow.

% Colloidal particles are mobilized (size < 1 um).

TO DO:
To finish high flow rate phase

*

*

Turbidity measurements vs PCS measurements

* Post mortem analyses: EXTRUDED clay (+ mobilized particles
/colloids)

* Mass balance
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Static erosion experiments

Known processes

v'Static: Diffusive conditions
v' Chemical effects (Na, Ca, ionic

_ strength
i . 4 g clay ¥ Homoionic clays,
_ ; S =135cm?2 :; d:y density
. | 200 mL ete
FEASIBLE SYSTEM FOR
FILTER PORE 100 um COMPARISONS o
(b)
- Deionised water: Most favourable
— ompacted conditions.
 Quantitative analyses of contact
— Stainless
steel filter electrolyte.
_ Colloid  Photon Correlation Spectrometry.
« Colloid concentration and size
— Static water: distribution
colloid
Swelling analyses
and colloid generation
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Natural bentonites

BELBaR,
a MX-80 Febex Ibeco B75 Khakassia
CEC Cu-Trien (*) 84 98 90 60 68 Laboratory
Exchangeable Ca (*) 184+3 35+0.7 342+22 36+x24 110x09 prepared colloids:
Exchangeable Mg (*) 7.1+0.2 351+04 309+0.7 22409 42+31 Size and charge
Exchangeable Na (*) 5752 282+1 272+05 37x£074 771717
Exchangeable K (*) 2+0.3 2702 2404 3.9+0.6 22+0.1 Different cl
| rent clays
Smectite 88.9 94 89 79 58 S - .
Clay _ exhibited very similar
ety | 01 - ! . g colloid characteristics
Kaolinite -- 1 12
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3000, cepesy @) 0 (B) %7 Mmylos () 25 ppm, NaCIO, 5E-04 M ° Mylos
2500 2500 2500 04 A FEBEX
__ 20004 2000 I 2000 | S : E";‘;i?, B75
%15007 . 1 1 1500 H f1 H I I ; % % 150&@ P ;Y i g 104 * Russian
& 1000 T, 3 10004 [y 1 ] B . 1000, " Te . =
500 L et . 500 { 1 i {“ i - L P S s 20+ |
* se aw 8 g * % 3 % L . » nEn [
0 T - 0 . 0 - [} g
2 4 6 8 10 12 2 4 6 8 10 12 2 4 6 8 10 12 © 30 ¢ 48<mV<-35
3000, 3000- . ‘ pH Qe e $ o] % B,
2500 Czech B75 @) 2500] ’ I ®) ‘g _40_?§ §§ ii @igié ? i S ; ]
. 20001 s ; 20001 Russian f ® NaClO, 5E-4 M N s R T S i s
515007 . QI Y 15001 . : A NaCIO4 1E-3 M 50 R R S : ............
S0 T 1000\ v . I ® NaClO, 1E-2M 2 4 6 8 10 12
U N PP v NaCIO, 1E-1 M PH
% 4 6 8 w12 % 4 6 8 10 12
. PH PH GOBIERNO  MINISTERIO
DEESPANA  DE ECONOMIA
Y COMPETITIVIDAD

Physico-Chemistry of Actinides and Fission Products Unit



eneration (mg)

. Bentonite erosion experiments -

. BELBaR, .

Generation - 1.65 g/cm3 in Deionised Water

A
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Bentonite erosion: Mixtures M

5

. Bentonite FEBEX 100 % <

50 % Illite

> 100 % Illite

100 % Kaolinite

° i (o)
Bentonite FEBEX 50 9% + 50 % Kaolinite

75 % Illite

. - o
Bentonite FEBEX 25 % + 75 9/, Kaolinite

Clays 1.65 g/cm’ - Deionised water

100 % FEBEX 1.65

w
o
1 .

o 20 % FEBEX + 50% lllite
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]

-—
o
1 . 1 .

25 % Febex + 75 lllite
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o
1 .

0 100 200 300 400 500
Time (Days)
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FEBEX mixed with illite
still generated colloids

No generation from:

100 % Illite
100 % Kaolinite
FEBEX + Kaolinite
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Erosion behaviour of different bentonites

e
0,154 _
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Smectite content (%)

Maximun eroded masses
showed dependence to
the smectite content
(higher in FEBEX), than to
the exchangeable Na
(higher in Mx-80).

When bentonite is mixed
with kaolinite (75 or 50 %
kaolinite) colloid erosion is

inhibited.

Are other clays / oxides

affecting stability??

L i
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Erosion

Colloid erosion dependence on clay smectite content

Uraula Alonao, Tiziana Mimsana, Ana M. Femnander, Trinid ad Loper- Torrubia, Miguel Garci: iwmer, Matalia May
CIEMAT, Madrid , Spain
INTRODUCTION In thia atuy. collod amaion from diffarant clys, inchding

» Colloid amaion from compasted bantonita bamiar, in a high-laval
weasta rapoaitory, & still not fully described. Praviows studie

Colloid erosion
dependence on clay
smectite content

damoratrated that tha quantity of ganaratad colioida dapands on
thainitialchamizal conditiona (Missana atal, 2013).

» Clay natura and astructura & avidantly playing 8 major rola in
aolloid arcaion, but thadapandanza has not baananalyzad yat.

GCLAY CHARACTERIZATION

» A complata phyaical and gecchamical chamctareation of
bantonite (minaralogy, accaeacry minamb, cationa prasant intha
intarlagar, cation axchanga capacity, porawatar...) was carfad out
to ax plain thair amaion bahaviour:

R
- = = - -

mass  3sser

ol -ver moes

CLAY COLLOID CHARACTERISATION

widm massurad by Photon Corratation §pas tomatry
{PC5)am a function of pHand ioniz atrangth.

Mi-g) Ibeoe

3 My - f

7,0
*

Pk umd el

M
The labomioy prepared colodal frackoes obbised from dife et
bealbaie s howed very senibr s aed charge belkaviosr

= i
a function of tha :
pHinNaCIo, [

Al lower iDaic skeaglh, e mhpoestil valees o aoesd (35 o).

barionites from diffarant origin and ameactite conbant, was
b

MATERIALS

Tha natural clays atudied wara a Ca-Mg bantonita from Spain
(FEEEM), IBECO bantonita from Mylos izsland, Wyoming
banmtonita from USA (MM-2), Czach Rokla bantonita Ma-
activatad (BTE), Rieaian bantonita from tha K hakasaia dapoait
(M5 and Ma- purifiad bantonita Manooo @,

Gaponita (MCA, Spain), illita Du Puy, Kaolinita

FEEEX bantonita with known pmoportion, TE% or B0 %, of illita
DuPuy or Kaolinita wara abo analyzed.

EROSION EXPERIMENTS
bahaviour confinad & compactadat 1.8E gl m*.

: colloid trameport &
allowed to contast weatar thmugh
two stainlmaataal fittar surbcm
(20 mm diamatar, 2 mm thizk and

A00 pm porous siza).
e C e
io (
monitorad by pariodical sampling of 2mL of tha

aquaous phama an maseuring colkoid size detribution and colloid
aonaantration by PCS.

).

«

. o«
E
Depesdeace  oa e -
smeclite costcat figher =
in FEBEX) . rather Banoe £
exchamgeable Ha figher H
in B0 1.0
[ e e, laclmik orsaposie.

Whes FEBEX bestosile will ille (75%o0r 50 % #ir}, colliodal particles are
prdeced. However, whes bestosde o mioed with knokside (5 or 50 %
Iackisdr ) colliod ermios o wbibied

sendsr s allcases
CONCLUSIONS
T tica of prop i ? db ot pradict thair axmion bahsriowr.
% A claardap il aaion propartias of i 1o thair
4 Hocoboids wara arodad from dite, keoliniba or aspornia BCA B ially atriking, b iti
% Whan bantonita i miked by i fon inhibited : othar minarsn mmy affactatshidy.
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BELBaR,

Mixtures stability

+
&
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Addition of known proportions of

PCS measurements

Stability - lllite Du Puy addittion

Size (nm)

Counts (Kpcs)

NaClO, 5-10° M
25 ppm |

10 20 30 40 50 60 70 80 90 100

% w. lllite

Illite does not affect
bentonite colloid stability

1000 4

800 ~

600 ~

400+

200 ~
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illite to a stable suspension of FEBEX colloids

lllite addittion

lllite

NaClO, 5-10* M
25 ppm

Na-Febex

0 10 20 30 40 50 60 70 80 90 100

EURATOM

% w. lllite

lllite addittion

T
lllite]
B il “Hiii ety il e W m "

L}
W Bl B R
Na-Febex NaCIO, 5:10" M

] 25 ppm ]

0 10 20 30 40 50 60 70 80 90 100
% w. lllite
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Mixtures stability »a

BELBaR,

Addition of known proportions of Kaolinite to a stable
suspension of FEBEX colloids
PCS measurements

Kaolinite addittion

-
o
1 1

Stability - Bentonite + Kaolinite

X
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]
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1600 NaciO, 510" M
1400
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Kaolinite destabilized 200 B
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Colloid stability

Colloid disaggregation in
lower strength waters

Size distribution of
bentonite colloids upon
fast disaggregation in
lower strength waters

$

Natalia Mayordomo (Talk)

Physico-Chemistry of Actinides and Fission Products Unit

EURATOM

Size distribution of bentonite colloids upon
fast disaggregation in lower ionic strength waters

NaTeLis Ma 0 RDOMO®, CLaU DE DEG UELDRE®, URSULS ALONSD 2ND TEIANA mssnm

A
Introduction The aim of this study k to analyze the sire of
» Bentonite colloids generated from  engineered aggregated and disaggregated bentonite collolds
barrers in high-level adioactive waste reposhtories diluted in two difierent environments {NaCld, and
can contribute to radionudide (RN) migration. NaCHCacl, mixed electrolytes) when deceasing
» Collold-AN transport will be subjected to collold 1@ D o 119078 lonie strength.
characteristis, size, charge, and stability In the JED JED
surmo und ing groun dwater.
» Collolds will be not relevant If high lonke strength (I R Material: FEBEX Bentonite day (Spain)
water exist in the repostory scenarlo, but bong term . m“m'a" w Technlques based on light scattering to measure
inflow of lower lonic strength water could promote average diameter PCS {Photon Correlation
partide disaggregation and collold mobllization. 9":“'-‘“-‘} Spectroscopy] and partide dze distributhon SPC
§10% MKa0i, {Single Partide Counting].

smmrsE (350 mn)

PCS Results: Size of the whole sample

Dwerage di s ter - " mlll Agmregation and dissagregstion kineties ' S gation  wmibced
{whede sampile - shalen} . 160 min} were canied out to calculste - ?}“ N30,  and
Aggregatian:  From S eoagulstion & decoaguistion efficiencies. mgmrsn_‘l'u
MO M o higher onic - ! z! “ -

stemgtn am — L - - Disageregstion
arying e cimiyte. - — N300, > mied w.

. o 1 . S - Disgeregstion B
From AGGR 10 owe o fast but initial stable
ianic stremgths . . . - — ey D3 0y
" rying eEctote. —— - . fesvsed

e - Particle popul stion within each site channe i expressed
= Samples are injected through pump suetion into the SPC. An ryTe e ————
additional deionized water supply preapts the movement of e ]
the sampile to both detectors.

- Disaggregated sarmples where not shaken to determine the
size distribution of only stable proportion of colloids.

>09% Bentonite (Na0I0,} st in channe ks between (50-150}nm
>0 Bentonite (Mixed] setin channels between (50-300} nm
(S50-100)m and {100-150) s channels: the most papultated

{150-200} nm and (200-300} nrm channeds
(Particle], _, _ >Particle] o,

000 SIS ML ATHEE | LTSRN 1O =300 nim channe
T rrnp— [ (Particle],, . __>>[Paticle]

Stable portions concentration on different Disaggregation s more prompted in NaDO,

jodie strengths are compared to MOM ’ Concentration islower when comparing to MOM suspension,
partile cancentration as spedally in nbeed water Suspendions.

Ratio= P ticke rmieasured [Partiche MOM

Decreasing lonic Strength é

Conclusions
When bentonite colloids are diluted in decreasing ionic strength
ble state is not recovered and i} the

es is lower than the corresponding to the

Physicochemistry of actinides
and fizsion products
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Conclusions

BENCHMARK TEST

% Erosion behavior of natural bentonites is not fully comparable
to that of purified /simplified systems.

Clay Extrusion Rate Preliminar Rate
(cm) at flow 10° m/s atflow 104 m/s
NANOCOR 2.7 £ 0.2 1,3E-06 kg /y 1,6E-03 kg /y
FEBEX 1,4 + 0.2 1,2E-06 kg /y 1,5E-04 kg /y

STATIC EXPERIMENTS

% Colloid erosion related to clay smectite content.
STABILITY

% Some clays and oxides affect bentonite colloid stability and
inhibit bentonite erosion.

GOBIERNO MINISTERIO
DE ESPANA DE ECONOMIA
Y COMPETITIVIDAD
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Erosion FEBEX In-situ - GTS = S

BELBaR,

@) FEBEX

Bentonite colloids In-situ

SElI  10.0kV X20,000 1pm WD‘1441mm

Physico-Chemistry of Actinides and Fission Products Unit

Overview of results from colloid samplings at the Grimsel Test Site (Switzerland) from
2006 to 2014.

INTRODUCTION
In-situ studies on clay colloid generation from compacted bentonite
were carried out by CIEMAT since 2006 in the FEBEX gallery at the
Grimsel Test Site (GTS, The FEBEX

a good opportunity to perform studies on bentonite erosion under
realistic and favourable conditions. These investigations started in the
frame of the FUNMIG (Fundamental of Radionuclide Migration, 2004-
2008) Project and continued within the BELBAR (Bentonite Erosion:
effects on the Long term performance of the engineered Barrier and
Radionuclide transport, 2012-2016) Project.

MAIN AIMS: Processes understanding / Comparison with laboratory
data/ Evaluation of colloid formation and mobility in a very favourable

case: Grimsel Water is alkaline and with low salinity. Different boreholes “New" parallel

"old”

analysed: parallel and radial to the tunnel. FUN 1 and FUN 2 are [N boreholes
relatively near to the bentonite surface (30 and 60 cm). borsholes, Funl and fun2

drilled in 2005

-

EXPERIMENTAL /L "
sSamplings: September 2006; March, May and September 2007, April and July 2008, May 2009, August 2010, July 2012 and October 2014. In-situ measurement of
conductivity, pH and turbidity (from May 2009 on). Photon Correlation PCs, for colloid and size; Laser Doppler Electrophoresis for surface

potential; Electron microscopy (SEM, FESEM) and AFM for microstructure; EDX and ICP-MS for chemical characterisation.

RESULTS B=E
The effect of the bentonite on the groundwater is clearly observed in some * ‘ s o L . . = 4
borehole (for example: increase of the conservative ion Cl or conductivity). . : et S
“Reference water” (5J5-3) borehole is unaffected. § . el § »

Tu .
Transient behaviour of turbidity (related with the presence of particles) is 2 = lime
often seen: it s related to different types of CONTAMINATION (iron oxides, !
heavy metals, organics, rock particles, ....). Tend to decrease as the water o
is eluted. i

T me mm w e 3 L

aums 0oL |

Chlorine in SI5-3 (Reference Water).

Chlorine in FUN1-4 (30 cm. far from
~ Unafiected. the bentonite): Increases with time.
2 i
Al H :
AR e e s oty -l A
Ej: Turbidity in SIS-3 (Reference Ej: Turbidity in FUN1-4 (30 cm. far o Y B = iz’
Water). Tap Oxides. ou the hantonie)- il st 2Zn colloids
2n concentration in Funl-4
CONCLUSIONS

+ In different boreholes, concentrations significantly higher than expected in
Grimsel water (around 0.2 ppm) were found.

Evidences of the existence of colloids others than natural. Main contribution
is from artefacts produced by drilling of new experimental boreholes: small
pieces of rock, heavy metals and organic matter were clearly identified. They
are difficult to get over, for the very low transmissivity of the fractures in the
tunnel.

The possible presence of bentonite colloids is masked and cannot be
evaluated with technique like PCS.

The aluminum signal, necessary condition to prove the existence of bentonite
colloids in the water, is still quite low. The maximum concentration of
bentonite colloids (considering the Al concentration) is around 0.5-0.8 ppm.
The highest Al concentration values are observed in the intervals more
chemical affected by bentonite.

sample

ultracentrifugation

TOC concentration in Fun1-4

Bi Al signal still quite low
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