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Cementitious materials and carbonate rocks

http://www.briodydrilling.co
m/services/borehole-
grouting-by-tremie-pipe-
method-including-use-of-
well-grouting-band-8

* Cementitious materials are widely T
used in many applications of
radioactive waste as (IAEA 2013
TECDOC):

 Waste forms

* Seals for retarding waste
transport

* Engineered barriers

. http://cementbarriers.org/appli
cations/

* Construction assemblies

https://goo.gl/images/Nm2P9a

* Their interaction with the surrounding lithology will create a
local highly alkaline environment, which may cause
alteration and impact radionuclide transport.



Goal

Characterize the long-term performance of interfaces between cementitious
materials (CEM |) with carbonate geologic strata (marl and chalk) of the northern
Negev, Israel with respect to primary phases constituents.

Specific objectives:

i) Use laboratory experiments to characterize the reactions and transport of
primary matrix constituents at the interface between carbonate rock types and
cementitious barriers.

ii) Demonstrate multiphase diffusion reactive transport models for parameter
estimation and to simulate long-term interactions considering potential future
disposal in different Negev geologic formations.
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Northern Negev Stratigraphy
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Most of the surface and subsurface rocks
in Israel consist of carbonate rocks



Cementitious materials and carbonate rocks

Carbonation process:

* Reaction of aqueous CO, with hydration minerals including portlandite, to form
carbonated products and water

Transformation of bicarbonate to carbonate

1) HCO3 () + OH 52 CO3* ) +H,0 g

Portlandite

2) Ca(OH),, 2 Ca*,, + 20H

(aq)

Carbonated product

3) Ca2* g+ CO3% o > CaCOyy,

(aq)



Rocks and cement
characterization —
porosity, mineral

Project approach

1313 tests — Batch liquid-
solid partitioning as f(pH),
L/S=10& 1 mlg?

assemblages calibration of mineral
reaction set
’77@6%
/'@O,
Data from Cement/rock
cement/rock | comparison| interface
interface ‘ " modeling -
experiment prediction

1315 tests — Monolith
1-D diffusion
calibration of tortuosity

Interface Evaluations

2 rock types, 1 cements
Experiments — ca. 1-2 years
Simulations
Experimental planning
Experimental data interpretation
Long-term prediction



Rock mineralogical composition

100

* Calcite in dominant to
major component in
both rocks

10 4

e Clayis minor a
component in the marl

%

e Major clay component:
illite-smectite (r)

0.1 - .
Chalk Marl

B Quartz M Calcite ®mClay #®Halite



Petrophysical characteristics
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Experimental methods (EPA 1313)

Method 1313
* pH dependent leaching test
e L/S of 10 ml gt completed
for rock samples and two
cement types.
* L/S=1mlg?tin progress.
* Analysis
* Extracts analyzed using
ICP-OES, ICP-MS, DOC,
and IC. Additional
measurements include
pH, conductivity.

Ty ?‘*ﬂz By

n extraction
conditions

- -
n analytical I.
solutions B
|

Endpoint pH <2 to 13




Release (mg/kg)

Release (mg/kg)

Experimental methods (EPA 1313)

pH dependent release of Silicon
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Selection of mineral reaction set

Calibration of reaction set to 1313 tests (illustration only)
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Need to be calibrated to
different L/S ratios

L/S=1 mg/L used to calibrate
for trace mineral phases that

may completely dissolve at
L/S=10 mg/L

Sometimes metastable
phases are preferred over
the stable phase



Cumulative release (mg/m2)

Experimental methods (EPA 1315)

Method 1315

* Mass transfer rate tank
leaching test - modified for
inclusion of LiBr as ingress
tracer & post-test profile
characterization

. . Method 1315 — Experimental set up and sample processing
Cumulative release of Potassium
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Tortuosity calibration

Tortuosity, T, is defined as the ratio of the length of the real
diffusion path, L, to the path in the straight channel case, L,




The dependency of constituent flux on Tortuosity

Constituent flux:

A @
T
: A _
Assume linear relationship between porosity C;,I J; C;,z
and contact area —1
i "
J; - flux (mol s1) 1 2

D;- diffusion coefficient of the i constituent (m? s1)

dC; - concentration gradient (dC/dX) of the it constituent (mol m?)
A - contact area (m?)

(- porosity
T- tortuosity (m m)



The dependency of constituent flux on Tortuosity

Monolith “ Bath S
///// | Leachant
Diffusion L
‘ VFI|mte Leachant refresh
. urpe at scheduled times
(well mixed)

Leachate

Simulation conditions:

e 133 days simulated to represent 1315 tests duration

e Saturated conditions with measured porosity

* No fluxes at boundaries — diffusion only (multi ionic diffusion)
e 1-D, 30 cells, each cell is well mixed

* Actual dimensions of monoliths



The dependency of constituent flux on Tortuosity
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Interface models

Two interfaces were simulated:

1. Marl—-0PC
2. Chalk = OPC
i e | o
Tortuosity (m m-1) 50 | 87 ‘ 30
Porosity (%) 6.8 31.7 15.8
pH 7.8 ‘ 7.7 ‘ 13.6

Carbonate content high high low



Conceptual model — Laboratory Simulation Cases

Carbonation front
Diffusion
-
Cement  Localequilibrium Carbonated cement Carbonate rock
Model assumptions: Model conditions for experimental case:

e 5 years simulated, saturated conditions, 25 C

e 1-D, 120 cells, Finite volume

* No fluxes at boundaries — diffusion only
(multi ionic diffusion)

e Thermodynamic database —

members CEMDATA14 (Lothenbach et al. (2014))

1. Each cell is well mixed
2. Local equilibrium

3. C-S-H ideal solid solutions with
Tobermorite and Jennite-like end-



Models in LeachXS™-ORCHESTRA

* Reactive Transport
model

e Simulating field or
laboratory scenarios

An Object Oriented Framework for Composing

Chemical Speciation and Mass Transport Models [ ] F I eX| b I e i nte rfa Ce
Version: 16 August 2018 10:40 .. .
conditions (e.g., fixed

volume, continuous

————  flow OF intermittent
1 11 = | flow / exchange &
solutions)

—|—I. 1;;"i * Leaching data

mnl mm | Im management integrated

- - - with chemical

speciation — reactive
transport modeling



Cement — Marl Interface model

Interface model of Marl and OPC:

Interface

L L

<

Diffusion

W ‘ Cement (not carbonated)

Marl Local equilibrium

Cement — OPC

9.1 cm monolith, 3.3 cm Marl

5 years, saturated conditions, 25 C

Tortuosity — 87 and 30 for the Marl and OPC respectively (calibrated)
Porosity — 31.7% and 8% for the Marl and OPC respectively

No fluxes at boundaries — diffusion only (multi-ionic diffusion)
Thermodynamic database — CEMDATA14 (Lothenbach et al. (2014))



Concentration (%)

Concentration (%)

Cement — Marl
Interface model results - Ca
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~ Carbonation front advanced 0.2 cm
in 5 years




Cement — Marl
carbonation

pore COo,* Ca?
 Step 1 - diffusion of Bicarbonate water | (moll?) | (moll?)
from the marl to cement Marl 0.0005 7.7
* Step 2 —Bicarbonate reacts to Cement  0.0004 0.005 13.6
form carbonate
- - 2-
HCO3 (aq) + OH (aq) 9 CO3 (aq) + H20(|) 1 Marl cement
« Step 3 — pH decreases 13 ] i N
] . l, 2-
* Step 4 — CaCO, precipitates 12 - HCO;4q) "; > €057 (ag)
. |
2 2- 11 1 W [—
10 1 /" - — 1year
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Concentration (%)

Time=0.0417 days

Cement — Marl
Interface model results - Si
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Cement — Marl
Interface model results - Si

I
Time=5 years

100 ; Mi\f cement * Dissolved concentrations of Zn?*, Ni?*, Co?*, Cd%*
:g and Si are higher (2-4 orders of magnitude) in the
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§ 60
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Cement — Chalk Interface model

Interface model of chalk and OPC:

Interface

L L

Diffusion

<

W ‘ Cement

Chalk Local equilibrium

Cement — OPC

76 cm monolith, 38 cm chalk

5 years, saturated conditions, 25 C

Tortuosity — 50 and 30 for the chalk and OPC respectively (calibrated)
Porosity — 6.8% and 8% for the chalk and OPC respectively

No fluxes at boundaries — diffusion only (multi-ionic diffusion)
Thermodynamic database — CEMDATA14 (Lothenbach et al. (2014))



Cement — Chalk
Interface model results

Ca

Si

Carbonation front advanced 0.05 cm
in 5 years

Alteration front advanced 2.6 cm
in 5 years
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Cement — Chalk Vs. Cement — Marl:

Thicknesses of altered and carbonated
layers are different for two interfaces

The thickness of altered rock is controlled by:

1. constituents concentration in pore water
2. solid phases equilibrium constants (K)
3. pH

The thickness of the carbonated layer
is controlled by bicarbonate flux from
the rock.

Constituents flux is controlled by
the ratio between porosity to tortuosity (f—z).

f—z is about 3 times higher for the marl

than the chalk — it can be account for most
of the difference.
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