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Migration (Ml) shear zone (GTS, Switzerland) S(IT

(1730 m a.s.l., depth 450 m)
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Karlsruhe Institute of Technology
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Tunnel sealing system and flow control
= Schematic of the site of the CFM in-situ experiment

= Schematic of the “megapacker” with its key elements
and functionalities
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Hydraulic, tracer & radionuclide migration tests _\_\j("’

Karlsruhe Institute of Technology

m About 30 tracer tests in the restricted flow field after megapacker
installation over range of transport velocities

u Variably configured point dilution and dipole tests with conservative
tracers/dyes (uranine, lithium iodide, potassium bromide, eosin, amino-G
acid)

s 3 homologue/colloid tests: Tracer Test Runs 08-01, 10-01 and 10-03

s 2 RN/colloid migration tests: Tracer Test Runs 12-02 and 13-05

m Small-scale characterisation of near field region (pulse/tracer tests)

m Exceptionally stable low-gradient hydraulic conditions

Increase shearzone
outflow 25 ml/min Packer system upgrades
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CFM project: Radionuclide tracer Test Runs ﬂ("'

Karlsruhe Institute of Technology

® Run 12-02: tracer recirculation in CFM 06.002-i2 and extraction flowrate at Pinkel
surface packer 25 mL-min; slight injection with 0.33 mL-min-!

® Run 13-05: tracer recirculation in CRR 99.002-i2 and 25 mL-min1at BOMI 87.010-i2
(dipole within Ml shearzone; see Geckeis et al. 2004).
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Injection Radionuclide cocktail: Run 13-05

B Bentonite concentration: raw material equilibrated with GGW

® Total: 99.7 £ 1.0 mg/L

® 13.9 £ 0.1 mg/L Ni-montmorillonite, rest Febex

derived colloids
® Conservative tracer Amino-G:
W 1957+ 32 ppb
® ICP-MS & gamma- spectrometry data

Tracer

137CS

232Th
2331

243Am
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concentration (mol/L)/
Total activity

1.32 + 0.03-10-10 (1.50 MBq)
3.41 + 0.03-10° (9.58 MBq)
8.80 + 0.04-10-10 (868 kBq)
4.5 + 0.25-10° (9.36 mBq)
4.3 +0.01-10"° (37.3 Bq)
8.6 + 0.2-109 (53.8 Bq)
4.3 +0.01-10"0 (773 Bq)
2.0 + 0.02-10° (74.1 Bq)

| Thorsten Schafer|  CP BELBaR 2™ Annual Meeting, Meiringen(CH)

Ni- montmorillonite

@ metal element

@ nickel

O oxygen
® hydroxyl

FT magnitude (A”)

Reinholdt, et al. (2013)
Nanomaterials 3(1), 48.
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Laser induced breakdown detection (LIBD): On-site g("‘

Karlsruhe Institute of Technology

m The INE mobile LIBD system (MOB2)

Laser-induced
Breakdown Detection (LIBD)

Single solid particles are ionized
in the focus of a laser beam;
Breakdown plasma formation;
Breakdown probability ~ f(N, d)
Laser energy dependency ~ f(d)

Colloids
\\
Breakdow "
N S Pulsed
X . Laser-
. beam
Solution ©

Focusing
Sample cuvette  |ang

BDP Lg(N)

Puls energy Lg(d)
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Synthetic Montmorillonite: Size distribution ﬂ(".

Huber, Bouby et al. (2014, in review) GCA
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Additional colloid source? Run 13-05

AT

Karlsruhe Institute of Technology
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) &= Al/Ni ratio = 14.1 + 0.4 (injection cocktail)

5 “o A ‘ " . .
{ { = Al/Ni ratio = 14.1 £ 0.1 (samples of Run 13-05)
v T T T T T T T T T T T T T T T T T T T T | ' |
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Ni [ppb]

v No significant additional colloid source of Al containing phases.
?  No preferential filtration of syn. Ni- montm.
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Comparison of colloid BTC‘s: Run 13-05 AT

Karlsruhe Institute of Technology
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LIBD/HR-ICP-MS results: Am, Pu, U & Np recovery
Run 13-05 ﬂ(".

=~ “Pu recovery: 27.6%
_ 1E-3 -
1 243
= ) Am recovery: 25.4%
% 1E-4 %‘ y -
5(233U recovery: 15.2%° O ° *?ﬁ?**ﬁ
1 g 000 i
237 . o %
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v' Samples taken for
another 7 months
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LIBD/HR-ICP-MS results: Am, Pu, U & Np recovery ﬂ(".

eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

- CRR Run 32 CFM Run 13-05

80 min

Peak arrival 2640 min

cons. tracer 92% 92.6%
U-233 103+ 5% 15%
Np-237 82 + 4% 4%
Am-241/243 70 % 25 %
Pu-242/244 86 +9 % 28%
Colloids 85-100 % 35-37%
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AMS of actinides in groundwater: development of a new
procedure for simultaneous trace analysis of U, Np, Pu, Am and Cm isotopes
F. Quinto’, M. Lagos', M. Plaschke'.T. Schifer’, P. Steier’, and H. Geckeis’

'Karlsruhe Institute of Technology, Institute for Nuclear Waste Disposal (KIT-INE)
*VERA Laboratory, Faculty of Physics, University of Vienna

LE-5 1 & Tap water Karlsruhe
1.E-6 0 Grimsel G'W 1
E Grimsel GW 2

2 LE7 O Vienna Kkl VERA (Vienna Environmental
L]
%_ LE-8 - Research Accelerator)
; &
o 1E-9 A

1.E-10 G.)

1.E-11 . .

1E-3  1E-2  1E1  1E+0 1E+1  1E+2  1E+3
22U (ng)

m The 236U/%38U isotopic ratios measured in the groundwater samples from the GTS (2.5 +
0.1) x 107and (3.4 = 0.3) x 1077, as well as the ratio detected in the tap water samples
from Karlsruhe (5.0 + 0.6) x 10 are consistent with the global fallout origin.

m These findings indicate the mobility of global fallout 236U which apparently is able to
migrate together with meteoric water from the surface to depths down to the level of the
GTS groundwater at 450 m.

m Interestingly, fallout Pu could not be detected indicating a much lower mobility under
given conditions.
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RIMS application: Run 12-02 ﬂ("'

Karlsruhe Institute of Technology
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Problem:

1) Colloid desorption rate with irreversible bond %4?Pu or
2) Desorption of 24?Pu from irreversibly bond colloids?
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Laboratory experiments

AT

Karlsruhe Institute of Technology

m Colloid attachment/ detachment

Darbha et al. (2012) Langmuir 28, 6606.;
Darbha et al. (2012) ES&T 46, 9378.;
Fischer et al. (2012). Am. J. Sci. 312, 885.

)

SEM of Al,O; particle
_attached to cantilever

—a— Biotite
—e— Quartz
~A— Plagioclase
—v— K-feldspar

300

250

200

150

100

Adhesion force, nN

50

m Radionuclide sorption reversibility

Huber et al. (2011) Appl. Geochem. 26, 2226-2237;
Huber et al. (2014, in review) GCA

K(J.FFM

1 + CC : K(l.col]

*Binary data from NTB 03-02

K3
- Me(lll,IV)
. k3

contact time = 24h

Rd.mr =

Me(ll1,1V)
L.
coll —

Me(lll,IV)

contact time = 24h ==> 7500h

| _=Thav) [ 2®2Pu(lV) | 2Am(ll) |

syn. Zn-Montm. 0.00092 [h-]  0.000235[h"] 0.0012[h]
syn. Ni-Montm. 3.3x10€[h"]  0.00151[h"]  0.0012[h]
FEBEX bentonite not possible 0.00089 [h-"]  0.0037 [h]
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LIBD/HR-ICP-MS results: Am, Pu, U & Np recovery ﬂ(".

Peak arrival 80 min 2640 min
cons. tracer 92% 92.6%
103+ 5%
82 +4%
Am 70 % 25 %
Pu 86 +£9 % 28%
Colloids 85-100 % 35-38%
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Redox kinetics

observed in the field

On site measurement all year long

AT

Karlsruhe Institute of Technology
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Accomplishments and conclusions by the end
of Phase 2 (Dec. 2013) _\_ﬂ(IT

Demonstration of the suitability of the MI shear zone for high-recovery low
gradient (1% gradient and ~10-° m/s) RN/colloid migration tests

Demonstration of the adequacy and robustness of the sealing system for the
Long-term In-situ Test (LIT)

Demonstration of the feasibility of near-field groundwater sampling around
the emplacement interval during the LIT and confirmed understanding of the
local connectivity

Demonstration of the feasibility of performing further RN/colloid migration
tests in parallel with the LIT

In situ colloid/radionuclide tracer tests demonstrate;

a Radionuclide/Homologue recovery is lower for trivalent actinides compared
to tetravalent actinides.

a Long-term slow release of Pu observed.
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Long-term In-situ Test Concept

Colloids are generated from a compacted bentonite source emplaced in a controlled low velocity
flow-field. Source emplaced for 2-3yrs or until significant bentonite loss, then overcore.

Near-field (~5cm) monitoring of groundwater chemistry and colloids.

Monitoring of downstream (~6m) extraction point (Pinkel).

tion and Migration - Experimental Layout
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Bentonite source: packer system (1)

2490

1919

285

Slesve
INT 3 1/8"—

Packer 2—— Sensor Parameter

Location
Bent. P 1

Bent. P 2

INT 2 low inj 1/8" Pore pressure |Pressure 1 on each packer face

INT 2 low extr 1/8"

Bent. P3 Line Artificial saturation
Bent P4

Filter on each packer face

HIN|IN|FHF

INT 2 up inj 1/8° Total pressure |Swelling pressure

INT 2 up extr 1/8" 2 on each packer face

Packer 1

INT 1inj 1/8"
INT 1 extr 1/8"

Diameter of lines subject to change: 1/8" lines could be 4/2 4mm lines, depending on avaiability

| 400 |

Bentonite

Lo XPERTS
Cate Nama

Orgnator | 12.11.2013 | patricks

Reviewed

CFM Source Packer
Updated design

Status | InBearbettung

oSchutzvermerk 150 16016 beachten™ | A observer la clause de protection selon 150 16016 ™ ~The protection notice according to 150 16016 is to be observed™

1588-13 Hydo Sleeve Setupiam




Bentonite source: FEBEX bentonite rings (2)

Mineral FEBEX MX-80
Bentonite R1
Smectite 92+3 84+3
Quartz 21 3+1
Plagioclase Na, Ca 31 -
Cristobalite 2+1 0-1
Feldspars Traces 42
Calcite 1+0.5 0-1

Ref ENRESA PT 005-06 and SKB TR 10-60

In CFM:

m Tracer tests: colloidal suspension

m Long-term In-situ Test (LIT) as pre-

compacted rings:

a Outer diameter: 82mm

» Inner diameter: 43mm
s Length: 25mm

»s Dry density: 1.65Mg/m3

a Grav water content:~14%
u Porosity: 39%

20 17.-18.06.2014
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" Technology

ZvY s
4/553/{~“§

Compacted dry density

Powen MPa = 25% 8.2
Effective py,, 1.45/1.35
2.1/0.9

Effective swelling calculated using annulus
volume. Does not account for instruments
Bentonite removed from the rings for
instruments, & tracers reduces swelling
pressure.

P ffective
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Monitoring and
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LIT Installation 9-11th May 2014 AT

Surface packers control
outflow from shear zone

~Tunnekpacker system "Yellow submarine”

- '.\
‘\"‘;259- "
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5 3 AR

_ .

41:_
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Resin sealing ontUNNEESUETACE

LN

] A
=
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s

Chemistry cabinet - Extractior

Chemistry

Colloid Formation and Migration -

3D GRAPHIC : O, Mciie Colloids - Radionuclides .



9/5/2014: CFM-LIT Radionuclide delivery ﬂ("'

Karlsruhe Institute of Technolog

Nuclide Half life Activity (Bq)
Ca-45 1.630E+02 d 1.00E+06
Se-75 1.198E+02 d 1.00E+06
Tc-99 2.130E+05 a 1.00E+04
Cs-137 3.000E+01 a 1.10E+05
U-233 1.600E+05 a 1.00E+03

Am-241 4.322E+02 a 8.50E+03
Pu-238 8.774E+01 a 5.00E+03
Pu-242 3.760E+05 a 3.00E+02
Np-237 2.140E+06 a 1.50E+03

= 16 glass vials filled with the radionuclides
and synthetic montmorillonite slurry
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CFM LIT - Installation procedure (1) AT

Karlsruhe Institute of Technology

ﬁ»’ Bentonite ring (broken)

vV

plastic ring

e 3 l~'

Q
*
¢
=
:

¢
4 oy w—
.
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CFM LIT - Installation procedure (2)

AT

Karlsruhe Institute of Technology

INSTITUT FUR NUKLEARE ENTSORGUNG (INE)



CEM LIT - Installation procedure (3) AT

Karlsruhe Institute of Technology
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= ¢ 3: Start long-term monitoring
@ | and sampling
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Monitoring of nearfield water:

LIT Monitoring first data (09/06/14) ﬂ("'

TP3,4

TP1,?
0602up

73

270

Packer2

&0

400

Interall 2

&0

70

Pacler |

a5

Intervall |

100

Increased EC suggests
increased salinity from
contact with bentonite

28
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Karlsruhe Institute of Technology

Total pressure measurements in source
stabilise => near full saturation
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Karlsruhe Institute of Technology
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AT

l

CFM 11.001-i2
CFM D;N Boreholes for sampling
CFM 11. 002 i2 CFM 11, 003 |2
, From interval
: " 8.5m 3.2mm ID
View from tunnel looking east towards
end of boreholes |
7 Y To Switchboard
to switch valve
2.34m 1.5mm ID
Ar Switch valve to
glove box or chemistry
A J
< F Switch valves between) | | Auomatic
¢ Glove box the boreholes manualy samplef for Pinkel
flowcontroller T
Y Argon port 0.02 miimin N
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" A | | S a1
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Upscaling: Reference case for a generic German ﬂ(".

repository in crystalline rock r3t / TRAPIC

Karlsruhe Institute of Technology

107 Variation of the Pu-242
desorption rate
10° it L=200 m
T4 vV, =2 ml/a
‘E 10° //;'Jfr
"—a VARV |
/
E 10" ;’ :
& —
® 10" /i3 H“"ﬂ.h‘
= AT '--u\\
= 10" / H Da= 5500 m,_ ~
&) : e
g : B =,
© 10" '« , | Da > 50 equilibrium assumption
WARNING: not necessarily
10" __ conservative!
: — 00%
L e ' Da— 550 .-.-. 0.00055
Da(l) — _kblllllll | JI’.IIIIII| I I'IIIIIII | L1 paril | 11 01 bl
vV 10° 10° 10° 10° 10°

time [years]

Da < 1/50: assumption of irreversible sorption

FZKA report 7515 (2010)
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Bentonite radionuclide desorption kinetics ﬂ("’

Huber et al. (2011) Appl. Geochem. 26, 2226-2237.; Huber et al. (2014, in review) GCA

Karlsruhe Institute of Technology

: K

From binary system data - MelllIV)
(Note: No colloid — FFM interaction)

contact time = 24h

K d,FFM
Rd,tot = Me(IllIV)
1+ CC ’ Kd,CO“ P ootoid —_—
*Binary data from NTB 03-02 Me(lll,1V)

contact time = 24h ==> 7500h

L mmhay) L #Puy) [ ZPAm(I)
0.00092 [h] 0.000235 [h] 0.0012 [hY]
3.3x10°6 [h] 0.00151 [hY] 0.0012 [h]
not possible 0.00089 [h] 0.0037 [h]
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